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ABSTRACT   
 The experiment was conducted to study the effect of changing the 
nomadic husbandry practices during summer with feed supplementation and 
water restriction on the performance, carcass characteristics and meat quality 
attributes of desert sheep (Hamari sub type) around El Nuhood area, North 
Kordofan state, Sudan. Thirty desert sheep of about 8 month age were 
randomly allocated to three treatment groups (ten animals each, 5 males and 
5 females), group (A) watered  daily and supplemented with concentrates, 
(B) watered daily only and (C) watered every 2- 3 days and was considered 
as control (the normal nomadic husbandry). All animals were allowed to 
graze on natural range at night only and were kept under shade during the 
day from 7:00 am to 6:00 pm.  Live animal weights were individually taken 
every week, while different linear body measurement obtained every 
fortnight. At the end of the experimental period eighteen animals (nine 
males and nine females) were randomly selected, transported to Khartoum, 
weighed and slaughtered to study the carcass characteristics. Statistically 
analyzed were using a completely randomized design (CRD) in factorial 
arrangement using (LSD) test by used SPSS computer program. The average 
final live weights were significantly (P<0.05) different among the treatments 
and were not significantly affected by sex but males in treatment A were 
heavier than the other two treatments. The tail length, height at withers, heart 
girth, chest depth and body length were significant (P<0.05) different 
between the three treatments. The dressing percentages, carcass cuts, total 
carcass tissue percentage and muscle: bone ratio were significantly (P<0.05) 
between the treatments. The yield of cuts as percentage of joint weight of 
females and males were significantly (P<0.05) different with regard to 
 xi
muscle, bone, fat and trim in the three treatments. While subjective 
evaluation parameters juiciness, flavor, tenderness and acceptability were 
not different (P>0.05) except colour between the treatments and Sex .The 
chemical analysis revealed no significant differences among the three 
treatments except ether extract.   
 These results concluded that management strategy which 
involves shorter watering intervals and feed supplementation will 
probably reflect positively on the performance of Hamari sheep 
under range conditions. 
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 ﺍﻟﻤﺴﺘﺨﻠﺹ
ﺃﺠﺭﻴﺕ ﻫﺫﺓ ﺍﻟﺘﺠﺭﺒﺔ ﻟﺩﺭﺍﺴﺔ ﺃﺜﺭ ﺘﻐﻴﻴﺭ ﻋﻤﻠﻴﺎﺕ ﺍﻟﺭﻋﺎﻴﺔ ﺍﻟﺒﺩﻭﻴﺔ ﺃﺜﻨﺎﺀ ﻓﺘﺭﺓ ﺍﻟﺼﻴﻑ ﻤﻊ  
ﺍﻻﻀﺎﻓﺎﺕ ﺍﻟﻐﺫﺍﺌﻴﺔ ﻭﺘﻘﺼﻴﺭ ﻓﺘﺭﺓ ﺍﻟﺴﻘﺎﻴﺔ ﻋﻠﻲ ﺃﺩﺍﺀ ﻭﻤﻭﺍﺼﻔﺎﺕ ﺍﻟﺫﺒﺎﺌﺢ، ﻭﺨﻭﺍﺹ ﻭﻨﻭﻋﻴﺔ ﺍﻟﻠﺤﻭﻡ 
ﺍﺴﺘﺨﺩﻤﺕ . ﺤﻭل ﻤﻌﺘﻤﺩﻴﺔ ﺍﻟﻨﻬﻭﺩ، ﻭﻻﻴﺔ ﺸﻤﺎل ﻜﺭﺩﻓﺎﻥ، ﺍﻟﺴﻭﺩﺍﻥ( ﺍﻟﺤﻤﺭﻱ)ﻓﻲ ﺍﻟﻀﺎﻥ ﺍﻟﺼﺤﺭﺍﻭﻱ 
ﻭﺯﻋﺕ (  ﺸﻬﺭ 8)ﺭﺍﺴﺔ ﺜﻼﺜﻭﻥ ﺭﺃﺱ ﻤﻥ ﺍﻟﻀﺄﻥ ﺍﻟﺼﺤﺭﺍﻭﻱ ﻤﺘﺴﺎﻭﻴﺔ ﻓﻲ ﺍﻟﻌﻤﺭ ﺘﻘﺭﻴﺒﺎﹰﻓﻲ ﻫﺫﻩ ﺍﻟﺩ
ﺴﻤﺢ ﻟﻠﻤﺠﻤﻭﻋﺔ (. ﺃﻨﺜﻰ 5ﺫﻜﺭ ﻭ  5ﺭﺃﺱ ﻟﻜل ﻤﺠﻤﻭﻋﺔ  01)ﻋﺸﻭﺍﺌﻴﺎ  ﺇﻟﻰ  ﺜﻼﺙ ﻤﺠﻤﻭﻋﺎﺕ 
ﻭ ، ﺒﺎﻟﺸﺭﺏ  ﻴﻭﻤﻴﺎﹰ( ﺏ)ﻜﻤﺎ ﺴﻤﺢ ﻟﻠﻤﺠﻤﻭﻋﺔ ﺍﻟﺜﺎﻨﻴﺔ، ﺒﺎﻟﺸﺭﺏ ﻜل ﻴﻭﻡ ﻭ ﺘﺘﻨﺎﻭل ﻤﺭﻜﺯﺍﺕ(  ﺃ)ﺍﻻﻭﻟﻰ
. ﻴﻭﻡ ﻭﺘﻌﺘﺒﺭ ﻫﺫﻩ ﺍﻟﻤﺠﻤﻭﻋﺔ ﻫﻲ ﻤﺠﻤﻭﻋﺔ ﺍﻟﺘﺤﻜﻡ 3-2ﺒﺎﻟﺸﺭﺏ ﻜل ( ﺝ)ﺔﺴﻤﺢ ﻟﻠﻤﺠﻤﻭﻋﺔ ﺍﻟﺜﺎﻟﺜ
ﺴﻤﺢ ﻟﻜل ﺍﻟﺤﻴﻭﺍﻨﺎﺕ ﺒﺎﻟﺭﻋﻲ  ﻓﻲ ﺍﻟﻤﺭﺍﻋﻲ ﺍﻟﻁﺒﻴﻌﻴﺔ ﻓﻲ ﻓﺘﺭﺓ ﺍﻟﻤﺴﺎﺀ ﻓﻘﻁ ﺜﻡ ﺘﺩﺨل ﺍﻟﻅل ﺍﺜﻨﺎﺀ 
ﺘﻡ ﻭﺯﻥ ﺍﻟﺤﻴﻭﺍﻨﺎﺕ ﻤﻨﻔﺭﺩﺓ  ﺍﺴﺒﻭﻋﻴﺎﹰ ﻭﺍﺠﺭﺍﺀ ﻗﻴﺎﺴﺎﺕ   .ﻡ 00:6ﺹ ﺤﺘﻲ 00:7ﺍﻟﻨﻬﺎﺭ ﻤﻥ ﺍﻟﺴﺎﻋﺔ 
ﻭﺘﻡ ( ﺇﻨﺎﺙ 9ﺫﻜﻭﺭ ﻭ  9)ﺤﻴﻭﺍﻥ ﻋﺸﻭﺍﺌﻴﺎ  81ﻬﺎﻴﺔ ﻓﺘﺭﺓ ﺍﻟﺘﺠﺭﺒﺔ ﺃﺨﺫ ﻨﺒ  .ﺃﺒﻌﺎﺩ ﺍﻟﺠﺴﻡ ﻜل ﺃﺴﺒﻭﻋﻴﻥ
ﺍﻟﺘﺤﻠﻴل ﺍﻹﺤﺼﺎﺌﻲ ﺘﻡ ﺒﻭﺍﺴﻁﺔ . ﺘﺭﺤﻴﻠﻬﺎ ﺍﻟﻲ ﺍﻟﺨﺭﻁﻭﻡ ﺜﻡ ﻭﺯﻨﺕ ﻭﺫﺒﺤﺕ ﻟﺩﺭﺍﺴﺔ ﻤﻭﺍﺼﻔﺎﺕ ﺍﻟﺫﺒﺎﺌﺢ
ﺒﻭﺍﺴﻁﺔ ( DSL)ﺇﺴﺘﺨﺩﺍﻡ ﺘﺼﻤﻴﻡ ﺍﻟﻘﻁﺎﻋﺎﺕ ﺍﻟﻌﺸﻭﺍﺌﻴﺔ ﺍﻟﻜﺎﻤﻠﺔ ﻓﻲ ﺘﻨﻅﻴﻡ ﻋﺎﻤﻠﻲ، ﻭﺇﺴﺘﺨﺩﺍﻡ ﺇﺨﺘﺒﺎﺭ 
ﺒﻴﻥ  )50.0<P(ﻜﺎﻨﺕ ﺃﻭﺯﺍﻥ  ﺍﻟﺠﺴﻡ ﺍﻟﻨﻬﺎﺌﻴﺔ ﻤﺨﺘﻠﻔﺔ ﻤﻌﻨﻭﻴﺎ . (SSPS)ﺒﺭﻨﺎﻤﺞ ﺍﻟﻜﻤﺒﻴﻭﺘﺭ 
ﻟﻡ ﻴﺴﺒﺏ ﺍﻟﺠﻨﺱ ﻓﺭﻭﻗﺎﺕ ﻤﻌﻨﻭﻴﺔ ﻓﻲ ﺍﻟﻭﺯﻥ ﺍﻟﻨﻬﺎﺌﻲ ﻭﺍﻟﻭﺯﻥ ﺍﻟﻤﺤﻘﻕ ﻁﻭﺍل . ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﺍﻟﺜﻼﺙ
ﻟﻜﻥ ﻭﺠﺩﺕ ﺇﺨﺘﻼﻓﺎﺕ ﻤﻌﻨﻭﻴﺔ  ﺒﻴﻥ ﺍﻟﺠﻨﺴﻴﻥ ، (ﺃ)ﻓﺘﺭﺓ ﺍﻟﺘﺠﺭﺒﺔ  ﺒﻴﻥ ﺍﻟﺫﻜﻭﺭ ﻭ ﺍﻹﻨﺎﺙ ﻓﻲ ﺍﻟﻤﺠﻤﻭﻋﺔ 
ﺃﻤﺎ ﻗﻴﺎﺴﺎﺕ ﺃﺒﻌﺎﺩ  ﺍﻟﺠﺴﻡ ﺍﻟﻨﻬﺎﺌﻴﺔ ﻓﻠﻡ ﺘﻜﻥ . ﻨﺕ ﺍﻟﺫﻜﻭﺭﺍﻷﻓﻀل ﻭﺯﻨﹰﺎﻓﻲ  ﺍﻟﻤﺠﻤﻭﻋﺘﻴﻥ ﺍﻷﺨﻴﺭﺘﻴﻥ ﻭﻜﺎ
ﺒﻴﻥ ﺍﻟﻤﻌﺎﻤﻼﺕ ﺒﺈﺴﺘﺜﻨﺎﺀ ﻁﻭل ﺍﻟﺫﻴل، ﺍﻹﺭﺘﻔﺎﻉ ﻋﻨﺩ ﺍﻟﻐﺎﺭﺏ،  ﻤﺤﻴﻁ   )50.0>P(ﻤﺨﺘﻠﻔﺔ ﻤﻌﻨﻭﻴﺎ 
iiix 
ﻟﻘﺩ ﺃﻅﻬﺭﺕ ﻨﺘﺎﺌﺞ ﺍﻟﺩﺭﺍﺴﺔ ﺃﻥ ﻫﻨﺎﻟﻙ ﺃﺜﺭﺍ ﻤﻌﻨﻭﻴﺎ ﻟﻨﻅﻡ ﺍﻟﺭﻋﺎﻴﺔ . ﺍﻟﺼﺩﺭ، ﻋﻤﻕ ﺍﻟﺼﺩﺭ ﻭﻁﻭل ﺍﻟﺠﺴﻡ
، ﺏ، ﺍﻟﻭﺯﻥ ﺍﻟﺒﺎﺭﺩ ﻭﻭﺯﻥ ﺍﻟﺠﺴﻡ ﺍﻟﻔﺎﺭﻍ ﻟﻠﺫﺒﺎﺌﺢ ﻓﻲ ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﺍﻟﺜﻼﺙ ﺃ، ﺍﻟﺤﺎﺭ ﺍﻟﺜﻼﺜﺔ ﻋﻠﻰ ﺍﻟﻭﺯﻥ
ﺒﻴﻥ ﺍﻟﺠﻨﺴﻴﻥ ﻓﻲ  )50.0<P(ﺃﻴﻀﺎﹰ ﺘﻭﺼﻠﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺃﻥ ﻫﻨﺎﻟﻙ ﻓﺭﻭﻗﺎﺕ ﻤﻌﻨﻭﻴﺔ . ﺝ ﻋﻠﻰ ﺍﻟﺘﻭﺍﻟﻲ
ﺒﻴﻥ ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﺍﻟﺜﻼﺙ ﻓﻲ ﻨﺴﺒﺔ  )50.0<P(ﺼﻔﺎﺕ ﺍﻟﺫﺒﻴﺤﺔ ﻭﻜﺎﻨﺕ ﻫﻨﺎﻙ ﺇﺨﺘﻼﻓﺎﺕ ﻤﻌﻨﻭﻴﺔ 
ﺃﻤﺎ ﺍﻟﻘﻁﻌﻴﺎﺕ ﺍﻟﺘﺠﺎﺭﻴﺔ ﻭﺍﻟﻨﺴﺒﺔ ﺍﻟﻤﺌﻭﻴﺔ ﻷﻨﺴﺠﺔ ﺍﻟﺫﺒﻴﺢ . ﺍﻟﺤﺎﺭ ﻟﻠﺫﺒﻴﺤﺔﺍﻟﺘﺼﺎﻓﻲ ﻋﻠﻰ ﺃﺴﺎﺱ ﺍﻟﻭﺯﻥ 
ﺒﻴﻥ ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﺍﻟﺜﻼﺙ، ﻭﺍﻴﻀﺎﹰ ﺃﺜﺒﺘﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺃﻥ ﻫﻨﺎﻙ  )50.0<P(ﻓﻘﺩ ﻜﺎﻨﺕ ﻤﺨﺘﻠﻔﺔ ﻤﻌﻨﻭﻴﺎ
ﻜﺎﻨﺕ ﻫﻨﺎﻙ ﺇﺨﺘﻼﻓﺎﺕ ﻤﻌﻨﻭﻴﺔ . ﻓﻲ ﻨﺴﺒﺔ ﺍﻟﻠﺤﻡ ﺇﻟﻲ ﺍﻟﻌﻅﻡ ﺒﻴﻨﻬﻤﺎ )50.0<P(ﺇﺨﺘﻼﻓﹰﺎ ﻤﻌﻨﻭﻴﺎ 
ﺍﻟﻌﻅﻡ ﻭﺍﻟﺩﻫﻥ ﻤﻨﺴﻭﺒﺔ ﺍﻟﻲ ﻭﺯﻥ ﺍﻟﻘﻁﻌﻴﺔ ﺒﻴﻥ ، ﻹﻨﺎﺙ ﻓﻲ ﻭﺯﻥ ﺍﻟﻌﻀﻼﺕﺒﻴﻥ ﺍﻟﺫﻜﻭﺭ ﻭﺍ )50.0<P(
ﻟﻘﺩ ﺘﻭﺼﻠﺕ ﻨﺘﺎﺌﺞ  ﺍﻟﺩﺭﺍﺴﺔ ﺃﻥ ﻟﻴﺱ  ﻫﻨﺎﻟﻙ ﺃﻱ ﻓﺭﻭﻗﺎﺕ ﻤﻌﻨﻭﻴﺔ ﻓﻲ . ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﺍﻟﺜﻼﺙ 
ﺨﺼﺎﺌﺹ ﺍﻟﺘﺫﻭﻕ ﺒﻴﻥ ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﺍﻟﺜﻼﺙ ﻭﻀﻤﻥ ﺍﻟﻤﺠﻤﻭﻋﺔ ﻭ ﺒﻴﻥ ﺍﻟﺠﻨﺴﻴﻥ ﻓﻲ  ﻨﺴﺒﺔ ﻗﺒﻭل ﺍﻟﻠﺤﻡ 
ﻟﻡ ﺘﻅﻬﺭ ﺍﻟﺘﺤﺎﻟﻴل ﺍﻟﻜﻴﻤﻴﺎﺌﻴﺔﺃﻱ ﺍﺨﺘﻼﻓﺎﺕ ﺒﻴﻥ . ﺍ ﺍﻟﻠﻭﻥﺍﻟﻨﻜﻬﺔ ﻤﺎﻋﺩ، ﺍﻟﻁﺭﺍﻭﺓ ، ﺍﻟﻌﺼﻴﺭﻴﺔ ، 
 .ﺍﻟﺜﻼﺙ ﺒﺎﺴﺘﺜﻨﺎﺀ ﻨﺴﺒﺔ ﺍﻟﺩﻫﻥ ﺍﻟﻤﻌﺎﻤﻼﺕ
ﺨﻠﺼﺕ ﻫﺫﺓ ﺍﻟﺩﺭﺍﺴﺔ ﺍﻟﻲ ﺃﻥ ﺍﺴﺘﺭﺍﺘﻴﺠﺔ ﺍﻹﺩﺍﺭﺓ ﺍﻟﺘﻲ ﺘﺘﻀﻤﻥ ﻓﺘﺭﺓ ﺴﻘﺎﻴﺔ ﺃﻗﺼﺭ ﻤﻊ ﺍﻹﻀﺎﻓﺎﺕ 
  .ﺍﻟﻐﺫﺍﺌﻴﺔ ﻤﻥ ﺍﻟﻤﺤﺘﻤل ﺃﻥ ﺘﻌﻜﺱ ﺃﺩﺍﺀ ﺇﻴﺠﺎﺒﻲ ﻓﻲ ﺍﻟﻀﺄﻥ ﺍﻟﺤﻤﺭﻱ ﺘﺤﺕ ﻅﺭﻭﻑ ﺍﻟﻤﺭﺍﻋﻲ ﺍﻟﻁﺒﻴﻌﻴﺔ
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CHAPTER ONE 
INTRODUCTION 
 Sudan has one of the largest countries in Africa characterized 
by a great numbers of livestock, vast areas of range and cultivated 
land. Sheep are multiple purpose animals, providing meat, milk and 
skin. They are raised under nomadic condition with traditional 
methods of management and natural grazing (Mcleroy, 1961). Thus 
improving their production and economically improve the nomadic 
life and relief poverty and hence stop people migration and support 
Sudanese animal export.  
Sheep in Sudan is about 50.39 million representing 32.51% of 
the total livestock population which is approximately 155 million 
head (Ministry of Animal Resources and Fisheries, 2007). The 
share of livestock in the national income is about 22.3%, about 
18.2% of total exports and about 38% of agricultural exports. In the 
period 1990-2004 live animals exported were estimated at 1645 
heads of which 1,315,399 heads were sheep, 57,639 heads of goats, 
and 18,400 heads of cattle and 88,423 heads of camels. The 
composition of those animals exported as slaughtered animals was: 
700,276 sheep, 30,997 goats, 8,395 cattle and 17,475 camels 
(Ministry of Animal Wealth and Fisheries, 2004). Sheep and goats in 
the Sudan were estimated to be 16.6 and 12.7 million heads, 
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respectively, and increasing at an annual rate of approximately 2.5% 
(Arab Organization for Agricultural Development, 1982). 
Meat is a very valuable food as it contributes to tissue building 
in addition to the provision of energy, vitamin, protein and minerals.  
It plays an important nutritional and economical role in the lives of 
human beings. 
Problems statement and justification: 
In spite of the importance of sheep they are still raised under 
nomadic conditions using traditional methods of management and 
natural grazing. A number of socio-economic and natural factors 
affect the mobility of nomadic flocks including the availability of 
water and pasture and the fact that nomadic is a way of life deeply 
rooted in the traditions of many tribes.  
The specific problem regarding sheep nutrition under range 
land conditions is that of feed shortage and nutrient deficiencies. This 
situation becomes very critical during the dry season which extends 
from November through to June. This is reflected in seasonality of 
reproduction, high mortality rate among both young and adult 
animals and poor reproductive performance (EL Hag et al., 1998). 
Reproduction is synchronized in such a way that lambs are dropped 
during wet summer when fodder and water are available. EL Hag et 
al. (1998) reported that direct effects of poor nutrition are reflected in 
reduced conception, embryonic losses, reduced lambing rate and high 
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ewe mortality. Rarely farmers provide their animals with different 
supplements during the critical period of feed shortage. Supplements 
used are mainly oilseed cakes and cereal grains. However, Kordofan, 
where most of the sheep wealth is located has a high density of trees 
and shrubs from which pods and foliage could be used as feeds 
(Fadul, 2007).  Desert sheep (Also known as Arab or Northern 
Sudanese sheep) together with their crosses form about 80% of the 
sheep population in Sudan (Devendra and Mcleroy, 1982). It 
comprises seven breeds, namely Kabashi, Hamari, Meidob, Beja, 
Butana, Gezira and Watish (Mcleroy, 1961). 
Kordofan States are the major sources of sheep for both local 
consumption and export markets, mostly of Hamari and Kabashi 
tribal subtypes. This region holds about 8.89 million heads, estimated 
as 41.97% of the total number of animals in the state and 19.84% of 
national sheep (Ministry of Animal Wealth and Fisheries, 2001). 
Kabashi sheep raised in the northern and eastern parts of the region 
are designated locally as "Abrug". The tribal subtype in the western 
part "Dar Hamar" is known as "Hamari" or "Hurr". There are 
different grades of crosses between these two tribal subtypes in the 
region. In the South of the region there is a cross between desert and 
Nilotic sheep known locally as "garage". The main colours of 
Kabashi are brown, light brown "Ashgar' and spotted black, red and 
white "Abrug", the dominant colour of hamari is red. 
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This work is designed to provide data base of how to improve 
the nomadic management systems under range conditions to enhance 
the reproductive and productive performance of hamari sheep.  
Specific objectives:  
The objectives of this research are: 
1-To study the effect of changing the nomadic husbandry 
practices during summer with feed supplementation and water 
restriction and sex on the performance, carcass characteristics 
and meat quality attributes of desert sheep (Hamari sub type). 
 2- To adopt an applied extension methodology to raise the 
 awareness of sheep producers of the importance of 
 concentrate supplementation to grazing sheep under range 
 conditions. 
 3- To contribute to the wellbeing and economic improvement 
 of sheep producers in particular and the country in general 
 through the improvement of sheep reproductive potential. 
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CHAPTER TWO 
LITERATURE REVIEW 
2.1 Sheep production in Africa:  
 Tropical Africa contains one-sixth of the world’s sheep 
population. There is, on average, one sheep on every 10 ha, and there 
are 1.1 heads of sheep per person employed in the agricultural sector 
(Wilson, 1991). Sheep population in Africa represents about 23.3% 
of the total world population (FAO, 1996). The population of sheep 
in the Sudan is estimated at about 48 millions (Ministry of Animal 
Resources, 2003).  
 Total meat production from African sheep is estimated at 
934,000 metric tons (MT) (FAO, 1992). Sudan contributed 74,000 
MT which is equivalent to 7.9% of African total meat production. 
Protein food supply from sheep is estimated at 12.5 and 19.8 g/capita 
per day for African and Sudanese sheep, respectively. Skins from 
African sheep are estimated at 162546 MT fresh weights. Sudan 
contributes 11500 MT which is equivalent to about 7.1%. 
2.2 Ecological zones: 
 The production systems are influenced by the annual rainfall 
and its effects on the main vegetation characteristics. In Africa, sheep 
mainly exist in arid and semi-arid ecozones. 
2.2.1 Arid zone:  Associated with pastoral production and sheep is 
about 36% of livestock. 
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2.2.2 Semi–arid zone: Relatively this zone has the greatest 
concentration of sheep and the raising of livestock is associated with 
crop production. 
2.2.3 Humid and sub humid zones: Has fairly small population of 
sheep compared with the total number in Africa (10%). Also in 
conformation sheep appears to be smaller in size compared with 
sheep breeds in arid and semi arid zones. 
2.2.4 High land areas:  Livestock in this zone is an activity of 
secondary importance and sheep is about 21% of the livestock 
population. 
2.3 Sheep breeds: 
2.3.1 System of breed classification: 
Devendra and Mcleroy, (1987) presented numerous methods 
for sheep classification which included tail type, coat and function or 
primary use. 
According to tail type four basic tail types are present which include 
long, short-tailed, fat tailed and fat rumped. The sheep of long –thick 
–tailed and short tailed seem to result from crossing between fat –
tailed x long-thin-tailed and fat rumped x short –thin -tailed stock, 
respectively. Coat cover included three main groups: Wool, hair and 
fur. According to function or primary use, tropical sheep are 
naturally multipurpose. Mutton, wool, fur and milk production are 
given as abase for classification. 
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2.3.2 Breed and breed groups: 
 Mason and Mule, (1960) classified African sheep as thin tailed, 
fat tailed or fat rumped. Wilson (1982) classified African breeds of 
sheep into: 
• Sudan desert:  found in Sudan and desert fringe and kept for 
meat, milk and skin production. 
• Black Maur (Zaghawa): Inhabits Sudan, Chad and Mauritania 
and raised for meat and hair production. 
• Sahel (West African Fellata): Found in Mali, Niger and Chad 
and kept for meat and skin production. 
• Black head Persian (Dorper):  Found over most of Southern 
Africa and raised for meat production. 
• Marina:  Found in Mali and Niger flood plain and kept for wool 
and meat production.  
• Massi sheep:  Inhabit Kenya upland and semi-arid areas and 
kept for meat and skin production.  
• East African fat–tailed sheep: This is kept for milk and meat 
production mainly in Ethiopia. 
• Sahel x forest (Nilotic): Found in Mali, Upland and semi-arid 
areas and is kept for meat production 
Devendra and Mcleory (1987) classified African sheep breeds 
according to ecological zone into four types: 
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1- North Africa:    
Thin tailed /coarse-wooled (Maghreb) include Arab and Barber breed 
types. Fat-tailed /coarse-wooled, include Barbary (Libyan and 
Tunisian) and Egyptian. Thin tailed / hair coated of Damman breed 
type.  
11. Sub Saharan Africa: 
 Desert Sudanese: with its varieties. 
Fulani: include Uda, Yankasa, Macina, Samburu Toronke and Balani 
breeds. Fulani sheep breed inhabits the area from Senegal river basin 
to the Nile river. 
Maure: Live under desert or semi desert conditions, include Black 
Mar and white Tuber breed. 
Tuareg: found in Niger (Ara-Ara). 
Zaghawa: well suited to its upland habitat, Thin-tailed and kept for 
hair and meat production for tribal use and export. 
111. Supra humid Africa: 
  Occupies 20% of the continent and includes Nilotic in Sudan, 
Lakka in Chad, Kirdi in Cameroon, Nigerian dwarf and West African 
dwarf sheep. All are trypano-tolerant and kept to supply meat for 
home consumption.  
Rain forest type: this breed is short thin-tailed but not true genetic 
dwarf breeds which are kept for meat production for local 
consumption. 
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 1v. Eastern and Southern Africa: 
   Produce about one half of the continent fat tailed sheep 
(including long- thick-tailed). This sheep breed comprises Ethiopian 
breeds Somali Arab, Masai, East African black headed, East African 
long-tailed, Rhodesian, Tswana, Mondombes Nguni Africander and 
Madagascar. 
Fat rumped (including some root-tailed): include Black head Somali 
(Taposa) and Black head Persian (Dorper). 
2.4 Sheep of Sudan:  
Mcleroy, (1961) classified sheep of Sudan into five basic and 
three fused ecotypes: 
? Sudan desert:  Within which several tribal types exist i-e 
Kabashi, Watish, Gezira, Butana, North riverain wooled sheep, 
Meidob and Beja. 
? Sudan Nilotic: This sheep belongs to Shilluk, Nuer, Dinka and 
related tribes of Nilotic and others who inhabit the flood plains 
of the Nile rivers in Southern Sudan.  
? Arid upland sheep: Owned by Zaghawa tribe of Darfur. 
? Arid Equatorial sheep: This type is owned by Taposa tribe 
which inhabits the semi-arid region in southeast Equatoria. 
? West African Fulani: (M’Bororo): This type is of little 
importance in the Sudan. 
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? Fused ecotype Sudan Desert × Sudan Nilotic: Mostly bred by 
Baggara and widely spread over the transition belt between 
northern and southern Sudan. 
? Fused ecotype Sudan Desert x Arid upland: Found in Northern 
Darfur. 
? Fused ecotype Sudan Nilotic x Arid Equatoria: Found in 
southern Equatoria.  
2.4.1 The ecotypes of Sudan Desert sheep: 
 Sudan Desert and its fusions comprise approximately 80% of 
all sheep in Sudan. 
2.4.1.1 Kabashi tribal breed of sheep:  
 They include not only the sheep of Kabashi tribe proper but 
also Hammer, Kawahla, Benigrar, Howawir, Bedirya, Dar Hamid, 
Hassaniya and, Gawamaa. Collectively, they include all the sheep of 
the tribes found throughout the area between the Nile and the upland 
of Darfur and roughly North of the Kosti-Nyala railway line. This 
tribal breed of sheep is to be considered the model from which to 
discuss and compare all other tribal breeds within this ecotype. These 
ecotypes are deep bodied big, heavy boned, haired, good meat 
producers and excellent dairy animals. Coat colour mostly has a 
meaning as a trademark, the most common colour is the red of 
Hammeri but other colours found are chest nut, sorrel "Ashgur" light 
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brown or dark shading along top and bottom lines, and "Abrag" 
spotted usually with red and white. 
2.4.1.2 Butana or Shukriya tribal breed of sheep:  
 In the Butana plain between the Atbara river, main Nile and 
South ward to about Kassala, Gedarif railway line. Shugor sub type 
are moderately large sheep ranging in uniform colour from light to 
dark brown, and are most common in the western part of Gezira 
where they graze on cotton residues and other agricultural by-
products. As compared to Kabashi, Butana breed is more refined and 
somewhat deeper fleshed (Devendra and Mcleroy, 1987). 
2.4.1.3 Gezira and Watish tribal breeds: 
Are found in neighboring areas in the region south of Khartoum 
between the White and Blue Niles, as well as along the lower reaches 
of the Dinder river. They are relatively pure bred animals, however, 
they are no doubt closely related to one another and to the sheep of 
the Butana plain. Dubasi are the prototype of the Gezira concentrated 
in the villages of Dubaseen. They are similar in size to Shugor but 
their coarse coat is usually coloured white with black patches on the 
back "saddle" the muzzle and the legs. 
Watish subtype is somewhat smaller and stockier than either 
the Shugor or the Dubasi. Mcleroy, (1961) reported three colour 
groups white with light spotting, red and fawn colours. Mainly 
owned by nomadic and semi- nomadic tribes, including the Kenana, 
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the Ruffa Elhoy and the Beni Meharib. A high level of management 
under an extensive system of production permits watish sheep to be 
the most productive type in the Sudan at such low latitude (11° to 
13°N) its production is lower than in Kababish. 
2.4.1.4 Beja tribal breed of sheep:  
This type is found in the Red Sea area. Mature male live weight 
is 47 kg and dressing percentage is 45%. The coat colour is white 
with black or brown spots on the head and no horns in male and 
female. 
2.4.1.5 North Riverine wooled sheep: 
Are common on the bank of the Nile from Abu Hamad to Wadi 
Halfa via Dongola. They are the sole local, wool bearing sheep in the 
Sudan. 
2.4.1.6 Meidob tribal breed of sheep: 
 This type is named after the Meidob tribe who live on the hills 
that are found in north eastern part of Darfur region and north 
Kordofan. Mature male live weight reaches 90 kg and 65 kg for 
female and its dressing percentage is 46%. The colour is gray or 
brown and no horns in females. 
2.5 Advantages of sheep raising: 
Sheep have many advantages over some other classes of 
livestock. They produce many different products in a year, wool and 
lambs, bringing in rather quick returns (Singh, 1969). Sheep also can 
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improve fertility of many farms. An individual sheep can add 0.5-0.7 
tonnes of manure to the soil every year, this contains twice the 
nitrogen and potassium in cattle manure (Singh, 1969). The author 
also reported that sheep have the ability to produce prime carcasses 
on roughage alone. Singh, (1969) and Church,(1991) reported that 
sheep are specially well adapted for many areas unable to produce 
grain refutably, and degraded environment owing to more selective 
grazing. Church, (1991) concluded that sheep do not require 
expensive buildings and equipments, and they are known to have 
higher fecundity and early puberty. 
2.6 Sheep exports: 
Sheep of Sudan are kept mainly for meat production. The 
economic importance of sheep arises from the fact that sheep are a 
popular source of red meat for local consumption and an important 
source of foreign earnings, (A.O.A.D, 1995). Sheep numbers in 
Sudan were estimated to be 37 million and the annual rate of growth 
was about 2.5 percent, this provided about 1.5 million head of sheep 
for export. Sudan export of live sheep in the period between 1992 
and 1994 is given in table 2.1 which shows a progressive increase in 
the number of sheep exported annually. 
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Table 2.1 Sudan export of live sheep in the period between 1992 and 
1994 
 
Source: Bank of Sudan, 34th annual report (1994). 
The neighboring Arab countries import annually about 11.06 
million heads of sheep (A.O.A.D, 1991), thus the Sudan with its 
large sheep population and geographical advantage over other sheep 
exporting countries is expected to have a good market share in sheep 
and mutton trade compared to other countries. 
2.7 Sheep production systems: 
The main components that are common to all sheep production 
systems in the tropics are environment (the climate, the nutrients 
required, the vegetation, food competitors and man) and sheep 
genotype. 
 The effect of the combination of the various types of these 
major components on the functioning unit make up the production 
system, and it is the variation within these main components that 
produce the immense variety of production systems (Carles, 1983). 
Quantity (heads)  Year 
564431 1992 
756927 1993 
1089116 1994 
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Wilson (1991) distinguished two major types of livestock 
production systems in Africa. The traditional system (pastoral, agro 
pastoral, agricultural and urban) and the modern system (ranching, 
feedlot, station and dairy farm) differ essentially in that the farmer in 
the traditional system uses mainly land and labour while the modern 
system has large capital requirements and generally a lesser 
requirement for one or other of the remaining factors.  
Traditional systems are defined by the degree of dependence of 
the household or the production unit on livestock or livestock 
products either for food supply or for household income. They are 
also defined by the type of agriculture practiced in association with 
livestock production. The distance and duration of movement 
(transhumance) is recognized as an important aspect of management 
within a system (El-Dieran, 1995). 
I- Pastoral system: is the system in which more than 50% of 
gross household revenue or more than 20% of total household food 
energy derives directly from livestock. This includes the value of any 
transport plus sales or exchange of manure plus income from any 
other major functions. Within the pastoral system a pure sub system 
with little or no agriculture is practiced. Mobility for long distances 
might be covered in search of grazing and water (El-Dieran, 1995). A 
second pastoral sub system is found in semi-arid regions in which 
livestock production is associated with dry land or rain fed 
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agriculture e.g. Fulani groups of West Africa and most Baggara in 
Sudan. In the livestock- rainfed agriculture system sheep, cattle and 
goats are often of equal importance. A third pastoral sub system is 
associated with large irrigated areas e.g. a number of Nilotic tribes in 
Southern Sudan.  
II- Agricultural system: in which between 10-50% of revenues are 
derived from livestock or livestock products. Livestock is usually 
sedentary or if movement is part of the management practice, it is 
generally restricted to short distances. There are three major 
subsystems associated with the agricultural system: Rain fed 
subsistence agriculture, rain fed cash cropping and large- scale 
permanent irrigation of cash crops (El-Dieran, 1995). 
III Agro-pastural system -: is the one in which revenue from 
livestock amounts to less than 10% of the total. In the modern Africa 
context the urban or peri-urban system are assuming increasing 
importance in many countries. 
 In the arid zone 70% of small ruminants are found in pure 
pastoral system and 30% in agro-pastoral system. In semi arid zone 
the reverse with 70% of small ruminant in the agro-pastoral system. 
In the more humid areas all small ruminants are in the agro pastoral 
system with a small percentage being found in the agricultural and 
urban systems. In the Sudan pastoralism are the main system of 
sheep production, and the main food supplies of village and 
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migrating flocks come from grazing grass land, but seasonal 
fluctuation in the quality and quantity of the herbage available for 
grazing greatly affects the productivity of sheep. Recently, Desert 
sheep production has been undergoing changes towards a more 
intensive system, probably, that is due to the increasing availability 
of agricultural by-products and the increasing demand for sheep meat 
in the neighboring countries (El-Dieran, 1995). 
2.8 Growth and development: 
Growth and development are the basis for meat production, 
whereas distribution of carcass tissues is significant in determining 
carcass quality (Nawaz et al., 1999). Brody, (1945) defined growth 
as relatively irreversible time-change in the measured dimensions. 
(Nawaz et al., 1999). The authors added that in all meat –producing 
animals rapid growth is closely associated with efficiency of feed 
conversion, and the rate of increase in weight per unit of body weight 
always declines as time changes (Hammond, 1960). The nervous 
system develops early followed by essential organs, bone, muscle 
and lastly fat. Thus on low plane of nutrition, fat growth will be the 
first tissue to be affected, and with further feed restriction, the rate of 
the muscle growth would be retarded (Carles, 1983). Composition of 
the body has very high protein and water in the first few weeks after 
birth and is enriched in lipids and its energy values increase at the 
lamb gets older and heavier. Pomeroy (1952) also considered body 
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measurements as a growth measurement, and that is because as the 
animal grow up its body size or conformation changes (Hodge, 
1966). Development is also used to denote the suitable stage for 
slaughter and it is more closely related to body weight than age 
(Carles, 1983). The author explained that as a lamb gets older, the 
growth of its viscera, skin, head and feet is relative slower than the 
carcass tissues, so that the ratio of carcass weight to total live weight 
increase as the lamb matures. There are large differences between 
years and seasons within years in growth rate. Variation between 
years is due to annual rainfall affecting pasture quality and quantity, 
diseases and management. Also EL-Hag et al (2001) observed that in 
north Kordofan, Sudan lambs born during the rainy season had the 
highest weight and the highest weights at 30 days old. 
2.9 Body assessment and linear measurement: 
Live weights estimates are used for assessing health and growth 
monitoring and in ratio computation (Maglad et al., 1986). 
Regressing the measurement of ear length, heart girth, body length, 
chest depth and height at withers on the age of the animal showed a 
poor relationship between ear length and age of the animal (Suleiman 
et al., 1990). Comparing Desert sheep with Australian, Merino, 
Babiker and Mohamed (1990) noticed that the desert sheep had 
significantly longer trunk (74 versus 69cm.) and higher wither 
heights (84 versus71cm.). These workers also found that carcass 
19 
 
length (72 versus 62cm.), circumference (85.4 versus 85cm.), length 
of leg (50.7 versus 43.9cm.), tibia (33.6 versus 26.3cm.), forelimb 
(36.2 versus 13.9cm.) and tail (51.9 versus 9.00cm.) were 
significantly greater in Desert sheep. However, there were highly 
significant regression coefficients of the other live measurements on 
age in the three subtypes, Shugor, Dubasi and Watish. (Suleiman et 
al., 1990). They found in Shugor, Dubasi that the chest depth showed 
the best relationship with age, followed by heart girth, body length 
and then wither height. Hibret et al., (2001), studies of physical 
measurements in mature Ethiopian (Menz) rams showed that among 
linear measurements of body condition score, heart girth, body length 
and withers height, the highest correlation was between body length 
and withers height. Also Maglad et al. (1986) found that heart girth 
was the measurement correlated most with body weight in all ages of 
calves. Tolera et al. (1998), found a strong positive correlation 
between body weight and heart girth measurement. It was then 
explained that these differences were mainly genetically. Also 
Maglad et al. (1986) found that heart girth was the measurement 
correlated most with body weight in all ages of calves. Tolera (1998) 
found a strong positive correlation between body weight and heart 
girth measurement. Musa et al. (2005) indicated that the average 
body length, heart girth, height at withers and chest depth of rams 
were 64.17, 86.59, 82.65 and 43.43 cm and were 61.87, 83.10, 76.97 
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and 41.12 cm, for ewes respectively. Measurements were found to be 
higher in rams than ewes. Mohamed. (2004) reported that there were 
no significant differences between ewe and ram lambs in heart girth 
and barrel circumference. Wither height, body length and back length 
were significantly (P<0.01) greater in ram than in ewe lambs and he 
speculated that this might have been due to differences in the degree 
of development as a consequence of the effect of sex hormones. 
Mehta et al. (1995) stated that, sex of the animal had a significant 
effect on body weight, height at withers, body length and chest girth 
at 4 pairs of permanent incisors teeth age stage. Although 
measurement of body composition in living animal is imprecise, 
researchers and producers have developed a subjective body 
condition scoring system that permits reliable assessment of body 
condition. Most people use scores of one through five, with lower 
scoring animals being the least fat and highest-scoring ones are the 
fattest (Wilson, 1991 and Glimp, 1983). The latter added that 
evaluation of fatness is made by palpation of fat thickness 
immediately behind the last rib in the lumber region. 
2.10 Effect of nutrition: 
Nutrition is one of the environmental factors that affect 
production and reproduction in farm animals (Tatman et al, 1990). 
The plane of nutrition determines the shape of the growth curve and 
this in turn determines the proportions and composition of the body. 
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Palsson and Verges (1952) controlled the shape of the growth curve 
by changing the plane of nutrition at different phases of life and 
found that the production and composition of the carcass can be 
materially altered, and McMeekan (1940) found the same result in 
pigs. The ewe has the ability to utilize a wide variety of feeds ranging 
from very high quality grass and legume to forbs and browse of 
varying quality in extensive range conditions. It can also use 
harvested hays, silages and concentrates in confinement (Glimp et 
al., 1989). Poor nutrition is reflected in reduced conception, 
increased embryonic loses, reduced lambing rate and high ewe 
motility (Yoder et al, 1990). In the tropics natural pastures are the 
principal type of forage available for sheep. Range-land grasses in 
these areas are highly fibrous, lignified and of low protein content in 
dry seasons (FAO, 1975). Also the nutrient content of these pastures 
varies greatly at various times during the year especially during the 
dry season when the nutritive values decline sharply and become 
inadequate for the sheep flock. Hassan and Mukhtar (1970) fed 
Sudan desert lambs (23 kg average live weight ) ad libitum for 60 
days on either berseem hay 50%, cotton seed cake and 62% berseem, 
the average daily gains were 150, 210 and 250 g/d, respectively. 
They stated that during post weaning supplementary lamb feeding is 
practiced to speed up live weight gain and shorten the finishing 
period. 
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2.11 Body composition: 
2.11.1 Carcass weight: 
The yield of the carcass for a given live weight is a first major 
criterion of the economic value of any given live weight; it is 
influenced by breed, age, level of nutrition and degree of body 
development (Palson and Verges, 1952, Palson, 1955). In the west 
carcass conformation and leanness are the most essential quality 
attributes creating market composition for meat (Gaili, 1979). He 
added that the economic value of any breed of sheep as a meat 
animal is partly dependent on weight of the carcass at a given body 
weight and the composition of carcass. Age at slaughter affects 
carcass weight. Desert sheep male with 1, 2, 3 or full mouth of 
permanent incisors had a mean carcass weight of 15.3, 18.5, 21.4 and 
23.1 kg respectively, while values for females were 10.2 kg for full 
mouth of temporary teeth, 14.7, 16.8 and 18.8 kg for females with 1, 
2, 3 pairs of permanent incisors and a full mouth of permanent 
incisors (Guma and Gaili, 1983). El Amin and Suleiman (1983) 
reported the range of 9.3-22.9 kg warm carcass weight with an 
average 15.6 kg for desert sheep fed under irrigated conditions and 
fattened on a diet of 25% dura, 25% cotton seed cake, 49% 
roughages and 1% common salt. Ahmed. (1993) found a significant 
difference in warm and cold carcass weights when Sudan desert 
lambs were fed sorghum grains and molasses at ratios of 40:0, 20:20 
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and 0:40. Mansour et al. (1987) reported that lambs with a mean 
slaughter weight of 32.3 kg yielded 15.9 kg warm carcass with 
dressing percentage of 49.1(on empty body weight, basis).  Mansour 
et al.(1988b) found that lambs fed a ration containing 45 and 30 
percent groundnut hay gave slaughter weight of 31.5 and 32.1 kg 
warm carcass, 13.3 and 14 kg and dressing percentage 42.1 and 44 
(on slaughter weight, basis), respectively. Furthermore, longissmus 
dorsi muscle area of 10.5 and 11.67cm and gut fill 11.86 and 10.25 
percent, respectively. Callow (1948) stated that the weight of the 
muscle is 46-65% of the sheep carcass and 49-68% of the cattle 
carcass. Gaili et al. (1970) demonstrated that Sudan Desert sheep has 
lower bone percentage than desert goats; whereas Elkhider et al. 
(1989) reported that, the bone percentage of goats was 20.5% and 
that of sheep was 22.4%. Babiker and Mohamed (1990) reported that 
carcass weights were not significantly different between Australian, 
Merino and Sudan desert sheep breeds. Within the Sudanese 
ecotypes Shugor have heavier slaughter and cold carcass weights 
than Watish (El kharim and Owen, 1987). The study of Gaili and 
Mahgoub (1981) on the development patterns of major carcass tissue 
in male and female desert sheep revealed no significant differences 
between the two sexes in carcass weight at an equally adjusted empty 
body weight. This may indicate the absence of sex differences in 
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dressing percentage, whereas Everitt and Jury (1966) found small 
differences between rams and ewes. 
2.11.2 Dressing percentage: 
The character of most importance is the total quantity of edible 
products available and normally expressed as carcass yield (or killing 
out percentage) which gives carcass weight as a percentage of live 
weight, and is dependent on the stage of development, and there are 
smaller breed differences. Therefore, dressing percentage (DP) 
should be calculated on cold carcass weight or deduction of about 
2% from the hot carcass weight as the percentage of weight loss by 
evaporation.  
Dressing percentage is an important trait in carcass study and it 
is affected by age, sex, castration and plane of nutrition. Gaili et al. 
(1972) reported a dressing percentage range of 40.7-43.2 for 
unfattened and 48.3-53% for fattened Sudan desert sheep and a range 
of 51.6 -58.8% with a mean of 56.4% for export desert sheep. On the 
same basis, Ahmed and Suleiman, (1988) reported the dressing 
percentage of about 49.8%. Mansour et al. (1988a) reported the 
dressing percentage was up to 54.3 in fattened lambs. With regard to 
Hamari sheep, Babiker and Abdel Hamid, (1988) stated that this 
tribal subtype had an average live weight of 62 kg yielding 30 kg 
carcass with dressing percentage of 56.4 and 48.4 on EBW and 
slaughter weight, respectively. Mcclelland et al. (1976) found that 
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body weight, carcass weight and dressing percentage increased 
within the breed with the increase in size. Gaili et al. (1977) found 
that the dressing percentage increased with the body weight. 
Devendra and Mcleroy (1987) found in well fattened mature fat- 
tailed and fat rumped sheep of the tropics that the dressing 
percentage might exceed 60% of carcass yield whereas thin heavy 
fleeced long-tailed sheep dressed 35%. El Karim and Owen (1987) 
reported a dressing percentage of 45.35 and 45.06 for Shugor and 
Watish of Sudan desert sheep, respectively. El Khidir (1989) 
reported a dressing percentage of 47.7 on EBW basis for Watish 
lambs. Carle's (1983) also reported that the dressing percentage is 
affected greatly by factors causing temporary fluctuation in body 
weight particularly gut fill. Lambs fed high concentrates diets had a 
higher dressing and fat percentage than those fed 50:50 concentrate-
to-roughage diets. ELkarim and Owen (1987) reported a dressing 
percentage of 45.35 and 45.06 for Shugor and Watish of Sudan 
desert sheep, respectively. El khider (1989) reported a dressing 
percentage of 47.7 on EBW basis for Watish lambs. 
2.11.3 Carcass composition: 
 Carcass is made up of muscle, bone, fat and ligaments. During 
growth the carcass tissues increase at different rates (Hammond, 
1932). The composition of animal body changes as it grows and 
matures. The skeletons are relatively well developed at birth and 
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grow fairly steadily thereafter. Muscles grow faster than bones after 
birth resulting in progressive increases in the muscle to bone ratio. 
Fat which is laid down in several physically separable deposits, grow 
at a low rate initially but during the fattening period its growth 
increases dramatically. The order of fat development is 
intraabdominal, intramuscular, subcutaneous and then intra-muscular 
(marbling) which plays an active role in muscle metabolism and 
storage of energy (Kempster, 1982).  In early maturing breeds the 
animal fattens while it is still growing bone and muscle at a fast rate, 
in late maturing breeds fattening does not take place until most of the 
growth of bone and muscle has taken place (Hammond,1932, 
Hirzel,1939). Gaili, (1969) found that the rate at which muscle and 
bone increased in weight was the same in the three breeds of desert 
sheep. Babiker et al. (1990) reported a total muscle of 55.2, total 
bone 17.5, total fat 20.4 and total trim 4.8 percent. In addition the 
longissmus dorsi area was 12.5cm2. El Tayeb.(1987) stated that total 
lean in sheep was 54, total bone 18, total fat 23.8 percent and muscle 
to bone ratio 3.1, in Omani sheep carcass. Mahgoub and Lodge 
(1998) found a total muscle of 57.24, total bone 13.76 and total fat 
25.08 percent. They also found a ratio of 4.19 and 0.44 of muscle to 
bone and fat to muscle ratio, respectively. It is widely accepted that 
L.dorsi area and fat thickness over it are significantly and positively 
correlated with slaughter weight and they increase as slaughter 
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weight increases, while those of bone and lean decrease with 
increasing slaughter weight. (Moron-Fuenamayor and Clavero,1999 
and Villegs et al. 1938). El Khider et al. (1989) reported that the 
percentage of fat in goats was 12.2 and in sheep 20.8. He added that 
omental, mesenteric and kidney- knob channel fat were heavier in 
goats than in sheep.  Similarly, the composition of carcass joints in 
terms of muscle and bone tissue was similar in both sexes except that 
males had more muscle in the shoulder neck joint. Females finish 
muscle growth and store fat at younger ages and smaller weight than 
males. Babiker and Abdel Hamid, (1988) observed that Hamari 
sheep fat depots varied more than other carcass components. The 
carcass composition was: Lean 58.9, bone 24 and fat 17 percent, 
Longissmus dorsi area was 13.3cm and fat thickness 3mm. Other 
workers reported different results concerning carcass composition in 
Sudan Desert sheep. Mansour et al. (1988b) noticed that the 
inclusion of groundnut hay (40%) in the diet of lambs resulted in a 
total lean of 56.41, total bone 25.51, total fat 17.65 percent, and lean 
to bone ratio was 2.32. Furthermore, Elkhider et al. (1984) found that 
when sheep were finished on diets based on sorghum (durra) average 
total muscle was 57.9, bone 17.9, fat 18.1 and connective tissue 4.2 
percent. 
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2.11.4 Muscle: bone ratio: 
Muscle: bone ratio is an important character in carcass 
evaluation and it is affected by the weight of the carcass. High 
muscle: bone ratio in the carcass is a desirable character. Generally, 
muscle: bone ratio increases with increasing carcass weight (Berg 
and Butterfield, 1966). Muscle: bone ratio between good and poor 
conformation was not significant, and carcass selected for good 
conformation were heavier, fatter and greater in muscle than of poor 
conformation (Jackson and Mansour, 1974). The same was found by 
Knight and Foot (1965). In Sudan desert sheep Mansour et al. (1988) 
reported muscle: bone ratio of 2.2, 2.5 and 2.37 from diets containing 
different levels of groundnut hay (45%, 30% and 15%) but there 
were no significant differences between treatment groups. El Khidir 
et al. (1989) found that muscle : bone ratio of goat is 3 and that of 
sheep is 2-7.Suleiman and Amin (1980) reported that carcass 
shrinkage after chilling for 48 hours was higher in young lambs (5%) 
than in older ones (4%) which is possibly due to fat content in older 
ones. El Khidir et al. (1989) reported the shrinkage percentage for 
goat as 4.3 and for sheep as 2.7. Within the same breed Ahmed 
(1993) found no significant differences in muscle: bone ratio when 
sheep were fed sorghum grains and molasses at a ratio of 40:0, 20:20 
and 0:40, respectively, muscle: bone ratios were 2.73, 2.79 and 2.66, 
respectively. 
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2.11.5 Non-carcass components: 
Non-carcass components include external offals (head, feet and 
skin) and internal offals (liver, lung and trachea, alimentary tract, 
spleen, kidney, heart and reproductive, organs). Organs appear to 
have priority claims for the available nutrients in the blood stream 
according to their function at any age. Devendra (1966) stated that, 
the non-carcass components are composed of unskinned head, skin 
and feet as external offals. Tongue, lung and trachea, heart girth, 
liver, kidney, spleen, gastro-intestinal tract and bloods as internal 
offals. He added that the edible portion of the offals (except skin) 
weigh about 26% of the body weight. Gaili and Mahgoub (1983) 
classified body components according to their pattern of relative 
growth into fast growing components (carcass omentum and 
mesentery) and slow growing components (head, skin, heart, lung 
and trachea, feet, liver, stomach and intestine) and the spleen 
exhibited direct proportional increase with the EBW Gaili (1977) 
reported that, in male Sudan Desert sheep, as the empty body weight 
increased, the body components also increased in weight at different 
rates. This was in agreement with Hammond (1932) who found that 
body organs and tissues of sheep grow at different rates. Gaili (1977) 
reported that as male desert sheep increased in EBW, body 
components also increased in weight but at different rates. In a lamb 
of 25 kg EBW the values of the body components (%) were head ( 
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unskinned) 10.7, skin 14, pluck 3.3, liver 2, tail 0.6, feet 5, omental 
fat 0.47, intestines 6, stomach 5.3 and testicles 0.5. On EBW basis, 
El Tayeb et al. (1987) also reported percentages for head, lung and 
trachea, heart, liver, spleen, kidney, empty digestive tract, testicles 
and tail of 8.24, 1.76, 0.74, 2.44, 0.39, 0.29, 8.19, 1.20 and 2.10, 
respectively. Ahmed (1993) found that there were no significant 
differences among treatments except for kidney and omental fat 
percentage when Sudan desert sheep lambs were fed sorghum grains 
and molasses rations at ratios of 40:0, 20:20 and 0;40. Values, on the 
basis of EBW, reported by Mansour et al. (1988a) for blood, head, 
feet, rumen (empty), intestines (empty), liver, heart, lung and trachea, 
spleen, pancreas, sex organs, kidneys, kidney fat, omentum and 
mesenteric fat were 5.38, 7.62, 10.10, 3.04, 3.48, 4.68, 2.28, 0.50, 
2.70, 0.42, 0.18, 1.10, 0.40, 0.84, 1.12 and 1.08%, respectively. The 
corresponding percentages for mature desert sheep rams of Sudan 
were head 3.51, skin 4.65, feet 1.29, liver 1.05, and heart 0.23, 
stomach (empty) 1.66, intestine (empty) 2.84, spleen 0.12, omentum 
1.74, mesenteric fat 1.44, kidneys 0.20, kidney knob channel fat 1.35, 
lung, diaphragm and trachea 1.14 and gut fill 8.75 kg, (Babiker and 
Abdel Hamid, 1988). 
2.12 Meat quality: 
Tenderness is affected by the amount of connective tissue in the 
meat, the size of the muscle fibers, the treatment before and after 
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slaughter and the age of animal. Stress before slaughter decreases 
tenderness (Carles, 1983). Furthermore, incomplete rigor mortis has 
the same effect. Juiciness is principally dependent upon water and fat 
in the muscle, while flavour is mostly affected by chemical 
compounds and also associated with fat (Carles, 1983). Tenderness is 
measured subjectively by taste panel and objectively by shear force 
(Warner Barter Shear). Meat of young and small breed is fine- 
grained and more tender than those of older and large- breed animals. 
Fattened animals had tender meat than lean animals despite an 
increase in connective tissue and size of muscle fiber with fattening. 
Within the same carcass loin is more tender and preferred than fore 
leg cuts. Males have large muscle fiber than females and castrated 
males are intermediate (Hammond, 1960). Mohamed, (2004) 
reported that, the subjective evaluation of meat quality from ram and 
ewe lambs, scores of colour, juiciness, flavour intensity, tenderness 
and overall acceptability of cooked longissmus dorsi muscle were not 
significantly different between the two sexes. 
2.12.1 Colour: 
Meat colour is a fairly valuable guide to quality. The colour is 
largely due to muscle pigment myoglobin. Meat colour tends to 
differ between species. Babiker and El khider (1990) found that goat 
meat is darker than sheep meat. Babiker and Tibin (1986) found that 
camel meat was lighter than beef. 
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2.12.2 Flavour: 
 Comprises taste and odour and is due to derivatives of fat, 
protein and carbohydrate of volatile and small molecule components 
(Lawrie, 1976). Optimum flavour in meat is very difficult to define 
but good flavour is generally associated with good marbling (may be 
due to the effect of promoting smoothness of eating). Johnson et al. 
(1990) found that sensory panel flavour tended to increase and off –
flavour to decrease as slaughter fatness increased. 
2.12.3 Water holding capacity and juiciness: 
Water holding capacity (reflected by the degree of exudation 
from meat) and juiciness (detected during mastication) are 
determined by the physical-chemical state of the muscle. Water 
holding capacity in desert goats muscle was higher than in desert 
sheep (Babiker and El khider, 1990). Camel meat had significantly 
superior water holding capacity as well as lower fat content than beef 
(Babiker and Tibin, 1986). 
2.13 Meat chemical composition: 
Carcass chemical composition usually has no direct effect on its 
commercial value but may be important in relation to a number of 
factors including the eating quality of meat, processing 
characteristics, keeping quality and the nutritive value (Carle's, 
1983).  
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Meat composition can be approximated to 75% water, 19% 
protein and 2.5% fat (Lawrie, 1991). The protein, ash and water 
percent of the body decrease with advancing age and fattening. (Reid 
et al., 1968; Gaili et al., 1972). They also observed that body 
composition differences detected by chemical analysis of minced 
carcass can be predicted by differences in lean and fat in the carcass. 
The values of moisture, protein, fat and ash reported by El Tayeb et 
al. (1987), were 66.9, 11.8, 11.2 and 1.2 percent, respectively. On the 
other hand Gaili et al., (1972) stated that age, feeding stage, and 
species had highly significant effects on moisture, protein and fat in 
meat. Within breeds they found that the percent of soft tissues, 
protein and ash were affected by diet. Farid (1991) who studied 
carcass physical and chemical composition of three fat –tailed breeds 
of sheep and found that the carcass of karakul lambs had the highest 
percentage of bone, protein and moisture and those of the Mehraban 
had the highest fat trim and the lowest bone. Chemical composition 
of lamb meat was not significantly affected by dietary treatments (El 
Tayeb et al., 1987 and 1991). Chemically, muscles from entire males 
had slightly greater moisture percentage than those from females. 
These differences in the percentage of moisture in the carcass were 
reflected in differences in the percentage of fat which, however, was 
more variable and the females had significantly (P<0.01) greater fat 
concentration than males (Everitt and Jury 1964, and Elmoula et al. 
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(1999). Similarly Lawrie (1979) and Mohamed (1994) reported that 
males had a higher percentage of moisture than castrated ones and 
consequently a lower percentage of intramuscular fat or ether 
extractable fat than castrates. Male had higher percentage of protein 
and ash in the carcass than females as reported by Everitt and Jury 
(1964) and in line with Schancher el at. (1980) in sheep and Elmoula 
et al. (1999) in goats. 
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CHAPTER THREE 
MATERIALS AND METHODS 
3.1 Study area: 
3.1.1 Location: 
The study was conducted in Mhagor-Area about 30 km south of 
El-Nuhood town in North Kordofan state, Sudan. El-Nuhood locality 
lies within latitudes 11.5-13.75 N° and longitudes 27-29.5 E° about 
900 km west to Khartoum. 
3.1.2 Drainage: 
Due to sand cover in the study area, the surface run off is very 
poor, because most of the precipitating water infiltrates directly to 
the subsurface while the remainder evaporates. Rains often fall on 
warm or hot sand surface. At this locality, the rain water is drained 
from sand hills into low depression (Gurraba) and water from 
northern El khowei elevation drains towards the south through Wadi-
El khowei down to Abuzabad (Turda) depression. 
3.1.3 Climate: 
El-Nuhood locality lies within the poor savannah belt, 
characterized by dry and cool winter that extends from December to 
February, while summer is hot, long with a rainy period extending 
from June to early October. 
Average annual rainfall is 300 mm in the north and about 400 
mm in the southern parts. Average maximum temperature is 24-39°C 
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during most of the year, with peaks above 36°C during April, May 
and June, (El-Nuhood Metrological Station, 2001). 
3.1.4 Topography and vegetation: 
The landscape is generally one of a smoothly undulating sandy 
plain (Goze) dissected by batches of loamy sands (Gardud or 
gurraba) in the southern part (personal observation). During the rainy 
season, from June to October the landscape transforms and changes 
completely into lush green pasture on which nomads graze herds of 
sheep and camels. 
 The major ecological zone in the area mainly determined by 
rainfall and the subdivisions are mostly dependent on soil type and 
vegetation. The dominant vegetation is a variable mixture of grasses. 
The acacia trees are dominant in the area, where Acacia senegal 
(Hashab) are the most important type from economical point of view. 
In years 1983-1984 a drought wave affected the vegetation very 
much. In the past the people was used the Adonsonia digitata ( 
Tabaldy)  as water tanks to solve the problem of water shortage 
during summer. Other trees such as Acacia nilotica (Sunot), Acacia 
nubica (Laot) and Bascia senegalensis (Mokhait). There are large 
numbers of the latter type of trees in the vicinity of the villages. 
Sclerocarya birrea (Hummait), Guiara aengegalensis (khubaish), 
Albizza amara (Arad), Terminalia brownie (Daroot) and Combretum 
cordofanum (Habiel). There are some rather dense forests (Surfan) 
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located mid way between El-Nuhood and El-khowei extending north 
west-south east. This is probably the direction in which an ancient 
water course (wadi) runs. Grasses are mostly annuals including, 
Dactyloclenium aegyptium (Abo-Asabi), Cenchrus biflorus 
(Hasckaneet), Echinochloa colonum (Difra), Eragrostis aspera 
(Banu), Androppgon gayanus (Abo-Rakhies), Zornia glochidata 
(Shilini) and Ipomea cordosphilla (Tabar) (Harrison and 
Jackson,1953). 
3.1.5 Farming systems: 
The main cash crop grown in the locality is mainly millets, 
sorghum, watermelon, rosella and groundnut. Large amounts of post 
harvesting (agriculture) residues are produced such as groundnut and 
Hibiscus sabdariffa (karkadeh) hay which are used on a large scale 
for feeding animals. 
3.1.6 Animal production: 
North Kordofan has a good potential of animal production due 
to the presence of vast natural pastures and agricultural residues and 
by products. The state has about 8634 thousands heads of live stock. 
The numbers of camels, cattle, goats and sheep are; 389, 2971, 1793 
and 3481 thousands heads, respectively (Ministry of Animal Wealth 
and Fisheries, 2001). Most animals are raised by nomadic tribes, 
especially Messeria and Hammer. 
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3.1.7 Sheep management in the area: 
North Kordofan state, especially El-Nuhood locality, is famous 
of raising sheep, which is the most important animal species in the 
area. Hamari tribal subtype is predominantly raised with the cross 
"Garaje" in the southern part of the state. Kabashi tribal subtype 
sheep is found in the eastern part of the state. Sheep are herded in 
flocks of about 200 heads or more. Most females raised are needed as 
breeding replacements, and breeding rams are usually selected with 
great care with major emphasis on size, conformation, colour and the 
milk production (Mohamed, 2002).  
Natural breeding is usually controlled by the application of the 
"kunan (a robe looped around the neck of the scortum and slipped 
over the prepuce). All mature intact males are "kunaned" except 
during the breeding season when stud rams are freed. The breeding 
season is regulated to start in February up to march and lambing is 
usually expected during the rainy season (July-Sept.) when forages 
are plentiful (Mohamed, 2002). 
The flocks are usually grazed up to mid-day when they come 
back to nurse lambs, rest and then graze again up to sunset 
(Livestock and Agricultural Development Corporation, 1999). 
During the dry season there are two grazing peaks during the day. 
The first grazing period is in the early morning and the second is in 
the evening and may extend to midnight. Animals usually rest during 
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hot hours of the day. Lambs may be herded alone or sometimes left 
to run with dams until weaning at about four months of age.  
Sheep watering frequency is 3-5days during the dry season and 
7-10 days during the wet season. Wells and ground tanks are the 
main water sources during the dry season. Watermelon is also 
commonly used as a water source in the dry season. Grazing animals 
usually pass through periods of weight loss due to seasonal variations 
in pasture quality and quantity. Furthermore, large range areas may 
be burnt during the dry season causing serious feed shortage and 
poor nutrition. Therefore feed may be considered an important 
limiting factor for sheep production in these areas (Livestock and 
Agricultural Development Corporation, 1999). 
3.2 Experimental animals management: 
This experiment is a continuation of research work one that 
included sixty (60) desert sheep ewes with two rams. The animals 
were randomly divided into three groups (treatments) of twenty each 
almost of the same age and weight. They were allocated to three 
management systems. All the animals were kept in the same area and 
grazed together. All the groups were allowed to graze at night on 
natural grasses available on pasture and kept in shade during the day 
from 7:00 am to 6:00 pm. The first group was allowed to drink water 
every day and was supplemented with additional concentrates, 
consisting of 40% durra grains, 30% groundnut cake, 29% groundnut 
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hulls and 1% salts (Group A). Every head from this group was given 
750g concentrates daily. The second group was allowed to drink 
water every day (Group B). The third group was allowed water at 2-3 
days intervals. This group was considered as control (Group C). All 
the parameters related to performance such as weight, body length, 
and fertility was recorded regularly. The sheep were allowed to mate 
with the rams in throughout the year.   
For the purpose of this research thirty sheep (15 males +15 
females) of the same age (about 8 months) were randomly taken. The 
animals were given the experimental diet for adaptation period of 
two weeks. During this period the sheep were treated with Ivomec 
subcutaneously against external and internal parasites. Albendazole 
drenches for deworming were given orally. At the end of the 
adaptation period, the animals were individually weighed after an 
overnight fast, except for water, to give the initial live weight. They 
were identified and ear tagged. 
3.2.1 Data recording (growth and physical measurements): 
Live animal body weights were recorded every week while the 
liner body measurements were done by means of a tap every two 
weeks (Owen et al. (1977).  
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Body linear measurements included: 
− Height at withers from the highest point on the dorsum of the 
animal to the ground surface at the level of the front feet. 
− Body length from the tip of the scapular to the pin bone. 
− Heart girth around the circumference of the chest just behind the 
forelegs and along the xiphoid depression.     
− The length of the head from the tip of the nose to the atlas joint 
along the curvature of the head.  
− Ear length from the base of the ear at the skull along the dorsal 
surface to tip of the ear. 
− The length of the neck from the atlas joint to first thoracic spinal 
process. 
− The length of the tail from the bas to the tip. 
3.2.2 Slaughter procedure and data: 
After 16 weeks when the animals reached the age of one year, 
six animals (three males and three females) from each group were 
randomly taken transported to Khartoum for slaughter. Three animals 
from each group were slaughtered everyday in the morning after 
twelve hours fast from feeding, except water. The animals were 
weight before slaughter to give slaughter weight.  
The slaughtering procedure was according to the local Muslim 
practices using a sharp knife to cut the esophagus and trachea, the 
jugular veins and carotid arteries of both sides. After complete 
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bleeding the head was removed at the atlanto-oxcepital joint, and 
after skinning all thoracic and abdominal organs were removed 
leaving the kidneys and kidney knob channel intact in the carcass. 
The hot carcass weights were immediately recorded and the carcasses 
were moved for chilling at 4°C for 24 hours. The head, four feet, 
skin, heart, lungs and trachea, liver, pancreas, spleen, omentum and 
messentery were separated and weighed. The alimentary tract was 
weighed full, then emptied and re-weighed and the gut "fill" weight 
was determined by difference. The EBW was calculated by 
subtractive the gut fill from the slaughter weight. To avoid weight 
losses due to evaporation all organs and offal’s were weighed 
immediately after dressing and each weight was recorded.  
3.2.3 Carcass data: 
Cold carcass weight was recorded after 24 hours chilling. The 
tail was removed at its articulation and weight. Kidneys and kidney 
knob channel fat were also removed and weighed. The prepared 
carcass was split along the vertebral column into left and right sides. 
The right half of the carcass was weighed and cut according to 
(Smith et al. 1978), into major cuts that included leg, sirloin, loin, 
rack and shoulder, minor cuts included, shank, breast, flank and 
neck. The thickness of subcutaneous fat for the sections was recorded 
by a vernia, at 12-13 ribs longissmus dorsi the subcutaneous fat was 
43 
 
removed using scalpel and forceps. Each cut was weighed and 
dissected into fat, muscle, bone and trim, and separately. 
3.2.4 Meat quality 
3.2.5 Physical analysis 
3.2.5.1 Colour measurement:  
Colour was determined on the semi-membarnosus muscles. 
Each muscle was left to oxygenate for half an hour at 4°C before 
colour determination. Hunter colour components (L) for lightness, (a) 
for redness and (b) for yellowness, were recorded using Hunter Lab 
Tristimulus colourimeter.                                                                                     
3.2.5.2 Water holding capacity determination: 
Samples weighing about 0.5 gm each from minced semi-
membarnosus muscles were used. Each sample was placed on a 
humidified filter paper (Whatman No.1) kept in a desiccators over 
saturated KCl solution and pressed between two-plexi glass plates for 
3 minutes at 25 kg load. The meat film area was traced with aball pen 
and the filter paper was allowed to dry. Meat and moisture areas were 
measured with a compensating Planometer. Water-holding capacity 
(WHC) was expressed as follows: 
WHC =    Moisture area- Meat film area 
 Meat film area 
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3.2.5.3 Cooking loss determination: 
Cooking loss was determined as the loss in weight during 
cooking of longissimus dorsi muscle samples destined for quality 
attributes measurements. Longissimus dorsi samples were weighed 
and then placed in plastic bags in a water bath at 80°c for 90 minutes. 
Consequently samples were dried from fluid and reweighed. The 
cooking loss percentage was expressed as follows:  
Cooking loss = (Wt. before cooking – Wt. after cooking) ×100 
                         Wt. before cooking  
3.2.5.4 Sensory evaluation 
Meat samples for sensory evaluation were taken from the semi-
membranosus muscles and kept in polythene bags in a deep- freezer 
for the taste panel test. Ten semi-trained panelists were chosen for 
this purpose. The panelists evaluated colour, flavour, tenderness, 
juiciness and overall acceptability. Each sample was thawed 
overnight at 4°C and then wrapped in an aluminum foil and cooked 
in an electric oven at 125°C for 45 minutes.  The meat samples were 
cut into small pieces and randomly presented warm on numbered 
plates to the panelists. Each sample was given a random three digital 
code number that was changed in each session. Each panelist was 
randomly provided with six different meat samples of about one 
square inch. They were requested to score colour, flavour, 
tenderness, juiciness and overall acceptability of each sample on  1-8 
45 
 
point hedonic scale where, one was extremely undesirable,  
extremely tough, extremely bland, extremely dry and extremely 
unacceptable while, eight (8) was extremely desirable, extremely 
tender, extremely intense, extremely juicy and extremely acceptable 
for colour, tenderness, flavour, juiciness and overall acceptability 
respectively. The panelists were asked to avoid food and tobacco two 
hours before tasting. Tap water at room temperature was available to 
remove the remaining flavour of the previous samples. The scores 
were averaged for each character and this average gave the quality 
attribute of the particular parameter mentioned. 
3.2.6 Chemical analysis:  
Semi membranous muscle (SM) was dissected from 
hindquarters and longissmus Dorsi muscle were dissected from loins. 
Semi membranous muscle was used for chemical analysis and the 
other muscle was used for quality attributes determination. The part 
for chemical analysis was minced and analyzed for total moisture, 
ash, total protein and fat according to (Association of Official 
Analytical Chemists, 1994). Protein fractionation was also 
preformed.  
3.2.6.1 Protein fractionation: 
Protein fractionation was done on the minced semi-
membranous muscle. The fractionation procedure was as described 
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by Babiker and Lawrie (1983). All fractionation procedures were 
carried out at 4c and in duplicates. 
A sample weighing 5gm was put into a microblender jar 
maintained in an ice bath and 50ml of 0.03 M potassium phosphate 
buffer (Ph 7.4) was added. The contents of the micro jar were 
blended at a low speed for 6 minutes. 
After homogenization, the homogenate was transferred to a 
centrifuge tube and centrifuged for 20 minutes at 3000 rpm. The 
supernatant was retained and the residue was resuspended in another 
50 ml of the same potassium phosphate buffer, homogenized and 
centrifuged as before. The supernatant was kept and the two 
solutions obtained were filtered through filter paper (Whatman No.4) 
to remove fat and other particulate materials not removed by 
centrifugation. 
The combined filtrate contained sarcoplasmic proteins and non 
protein nitrogen, which were determined in 1 ml sample using Biuret 
method (Gornal et al, 1949). A 30 ml sample of the above filtrate 
was mixed with 10 ml of trichloroacetic acid 20% (w/v) for 15 
minutes and filtered through filter paper (Whatman No.1) to obtain 
non-protein nitrogen (N.PN). Kjeldahal semi-micro method was used 
to determine the nitrogen content of this fraction, which was 
expressed as percentage of fresh sample weight. 
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The residue remaining from the extraction with phosphate 
buffer was extracted once with 50 ml of 1.1 M,Kl, in 0.1M potassium 
phosphates buffer (Ph 7.4) using the same method followed above. 
After centrifugation at 3000 rpm for 20 minutes, the supernatant was 
filtered through glass wool and the filtrate was used for myfibrillar 
protein determination by Buret method (Gornal et al, 1949).  
Bovine serum albumin was used as standard for making the 
calibration curve. The result was expressed as a percentage of fresh 
sample weight. 
3.2.7 Statistical analysis: 
Data were analyzed by using SPSS version 13 analysis of a 
completely randomized design (CRD), in factorial arrangement using 
LSD test for mean separation by use a computer program.  
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CHAPTER FOUR 
 RESULTS  
4.1 Growth performance of desert sheep (Hamari sub type) 
4.1.1 Live Weight: 
 The effect of different management systems on the 
performance of desert sheep is shown in table (1) the statistical 
analysis of initial live weights for the three groups indicated no 
significant differences. At the end of the experimental the differences 
in final live weights were significantly (P<0.05) different among the 
treatment. Sheep in treatment A had greater final live weights than 
treatments B and C. The average daily live weight gain was 
significantly (P<0.05) different among the treatments, and the highest 
rate of gain was in A followed by B and C, respectively.  
Table (2) showed the means and standard errors of initial and 
final live weight performance among females and males. There were 
no significant differences between the three treatments in the average 
of initial live weight. The final live weights between females and 
males in treatment A showed no significant differences. In treatments 
B and C the average final live weight of males was significantly 
(P<0.05) greater than that of females.  
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Table 1 Growth performance of desert sheep (Hamari sub type) 
  
 
For this and preceding tables the superscript letters determine the 
significant differences:  
NS = Not significantly different 
* = Significantly different at 0.05 
** = Significantly different at 0.01 
*** = Significantly different at 0.001 
S.E = Standard error 
L.S = Level of significant 
 
 
 
 
 
 
Parameters A B C S.E L.S
Experimental period(days) 120 120 120 - - 
Initial body wt(kg) 32.56 33.60 31.60 1.39 N.S
Final body wt(kg) 48.10a 44.40b 42.00c 1.39 * 
Daily live weight gain(gm) 129.5a 90b 86.67c 0.6 * 
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 The average daily live weight gains obtained were significantly 
(P<0.05) different between females and males of groups A, B and C. 
The males gave higher daily live weight gains than females.  
 Live weights of females and males are shown in table (2) 
females showed a significant (P<0.05) different among the 
treatments. The females in treatment (A) showed the highest final 
weight than B and C. The average live weights between males in the 
three treatments were significantly (P<0.05) different. The average 
live weight in males from treatment A was higher than that of males 
in other treatments.  
4.1.2 Linear body measurements  
 Table 3 showed the effect of management practices on linear 
body measurement there is no significant difference. Differences due 
to different management practices. effect of sex in linear body 
measurement Table 3 revealed which showed that there was a 
significant different (P<0.05) in forever of males for height at wither, 
heart girth, chest depth and body length while there were no 
significant difference in  head, ear, neck and tail length.  
 Effects within sex and management systems on linear body 
measurements (cm) are presented in table (4.1&4.2) there were no 
significant (P>0.05) differences between females and  
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Table 2: Effect of sex and management system of desert sheep 
(Hamari sub type) 
Parameters Treatments  
 A B C 
 Female Male Female Male Female Male 
Initial body 
wt(kg) 
33.26 ±1.97 31.85±1.97 32.60±1.97 34.60±1.97 32.46±0.73 33.70±0.73 
Final body 
wt(kg) 
48.28±1.97 48.00±1.97 41.20±1.97 b 47.60± 1.97a 42.40±0.73b 47.60±0.73 
Daily live 
weight 
gain(gm) 
125.52±1.97 134.58±1.97 71.67±1.97b 108.33±1.97a 82.83±0.73b 115.83±0.73a 
Females 38.74 ±0.48 a 35.21 ±0.48 a 34.21 ±0.48 b  
Males 38.73 ±0.48 a 37.07 ±0.48 b 36.08±0.48 c  
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Table 3: Effect of management systems and sex on body 
measurements of desert sheep (Hamari sub type) 
 
Parameters 
(cm) 
Treatments Sex 
 A B C S.E L.S Females Males S.E L.S 
Head length 29.4 30.24 29.18 0.10 NS 29.19  30.40  0.08 NS
Ear length 19.80 19.39 19.30 0.09 NS 19.49  19.50  0.07 NS
Neck length 30.11 30.88 30.86 0.09 NS 30.84  30.06  0.08 NS
Tail length 64.13 62.27 63.61 0.44 NS 64.65  63.69  0.36 NS
Height  82.42 84.65 83.14 0.42 NS 82.60 84.54a 0.34 *
Heart girth 82.35 84.56 83.98 0.35 NS 82.22 84.04a 0.28 *
Chest depth 41.15 42.77 41.47 0.17 NS 41.58 42.01a 0.14 *
Body length 64.81 64.46 62.96 0.29 NS 60.7 64.11a 0.24 *
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Males among the three treatments in head, ear, neck, and tail. 
However there were significant (P<0.05) differences in height at  
withers, heart girth, chest depth and body length. The females from 
treatments A and C gave the highest measurements in height at 
withers compared to those in the other treatment. The females in 
treatments B and A gave higher measurements in heart girth 
compared to those in treatment C. They also scored the highest 
measurements in chest depth.  The females in treatments A and C 
had the highest body length compared to females in treatment B.  
 On the other hand the males in treatments A and C scored the 
best measurements in height at withers compared to animals in 
treatment B.  The males in treatments B and A had greater heart girth 
than treatment C. The males in treatments A and B had greater chest 
depth compared to males from treatment C.  
4.1.3 Carcass characteristics: 
 The effects of management systems on carcass characteristics 
as presented in table (5) showed significant (P<0.05) differences 
among the treatment groups with regard to the hot carcass, cold 
carcass and empty body weight.  Dressing percentage of empty body 
weight showed were significant difference (P>0.05) for both  
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Table 4.1: Effect of female and management systems on linear 
body measurements (cm) 
Parameters(cm) Treatments  
 A B C S.E L.S 
Head length 29.55 30.39 28.96 0.14 NS 
Ear length 19.16 19.54 18.41 0.12 NS 
Neck length 29.99 29.76 29.76 0.13 NS 
Tail length 63.45 62.69 64.44 0.62 NS 
Height  82.42b 79.51b 82.87b 0.59 * 
Heart girth 82.40b 82.76b 81.50b 0.48 * 
Chest depth 41.65b 41.37b 41.73b 0.24 * 
Body length 60.95b 59.66b 60.51b 0.41 * 
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 Table 4.2: Effect of male and management systems 
on linear body measurements (cm) 
Parameters(cm) Treatments  
 A B C S.E L.S 
Head length 30.39 30.43 30.40 0.14 NS 
Ear length 19.77 19.24 19.54 0.12 NS 
Neck length 30.23 30.00 29.96 0.13 NS 
Tail length 61.44 60.86 63.62 0.62 NS 
Height  84.41a 83.79a 84.41a 0.59 * 
Heart girth 84.30a 84.36a 81.50a 0.48 * 
Chest depth 42.15a 42.18a 41.73a 0.24 * 
Body length 64.67a 63.26a 60.51a 0.41 * 
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 Hot and cold carcasses.  
 The effect of female and management system  on carcass 
characteristics is shown in table (6.1) there were significant 
(P<0.05) differences between females in the three treatments in 
slaughter weight, warm carcass weight, cold carcass weight, 
and empty body weight. Females in treatment A had higher 
significant (P<0.05) carcasses weight than B and C. The cold 
carcass weights of females in treatment A were significant 
(P<0.05) greater than those of females in treatments B and C.  
   The effect of male and management on carcass 
characteristics is revealed in table (6.2) there were significantly 
(P<0.05) different. The males in treatments A and B had the 
higher slaughter weight compared to treatment C. The males in 
treatment A recorded the warm carcass weight higher weight 
compared to treatments B and C.  The males in treatment B had 
the highest cold carcass weights compared to A and C. 
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Table: 5: Effect of management systems on carcass 
characteristics of desert sheep (Hamari sub type) 
 
Parameters Treatments  
 A B C S.E L.S 
Slaughter  wt(kg) 43.04a 41.63b 36.38c 1.11 * 
Empty body weight(kg) 35.86a 33.61b 28.63a 1.17 * 
Hot carcass wt(kg) 21.58a 19.58b 16.67c 0.40 * 
Cold carcass wt(kg) 20.79 18.58 16.25 0.45 * 
Dressing percentage /hot 
carcass 
48.30a 47.03b 45.82c 1.15 * 
Dressing percentage 
/cold carcass 
48.30a 44.63c 44.67b 1.06 * 
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Table 6.1: Effect of female and management systems on 
carcass characteristics of desert sheep (Hamari sub type) 
 
Parameters Treatments  
 A B C S.E L.S 
Slaughter  wt(kg) 42.25a 42.25
a 36.08c 1.56 * 
Empty body weight(kg) 36.53 35.73 30.08 1.01 * 
Hot carcass wt(kg) 22.67a 17.67b 15.83c 1.56 * 
Cold carcass wt(kg) 21.50a 17.17
b 15.50c 0.64 * 
Carcass length (cm)  60.67 59.67 58.33 2.57  NS 
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Table 6.2: Effect of male and management systems on 
carcass characteristics of desert sheep (Hamari sub type) 
 
Parameters Treatments  
 A B C S.E L.S 
Slaughter wt(kg) 45.57a 45.25a 36.67c 84.77 * 
Empty bodyweight(kg) 36.94 35.72 30.34 1.01 * 
Hot carcass wt(kg) 20.50b 21.50a 17.50c 0.56 * 
Cold carcass wt(kg) 20.08b 21.00a 17.00c 0.64 * 
Carcass length (cm)  58.00 62.0 60.33 2.57  NS 
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4.1.4 Non carcass components: 
Table (7) revealed the effect of management system on           
non-carcass components as percentage of empty body weight. 
All body components were not significantly differences among 
the groups except for the tail, lung and trachea, testicles, 
mesenteric fat and skin which showed a significant (P<0.01) 
difference among the groups. Gut fill as percentage of empty 
body weight were significant (P<0.05) difference among the 
groups.          
The effect of sex on  non-carcass components are shown 
in table (8) where weight of rumen full, intestine full, tail, liver, 
lung and trachea, genital organs, mesenteric fat, omentum fat, 
kidney knob channel fat, spleen and four feet showed 
significant (P<0.05) difference, where a omentum fat, kidney 
knob channel fat and four feet showed significant difference 
(P<0.01). The remaundance of non-carcass compound showed 
no significant difference.  
The effect within sex and management system on the non-
carcass components expressed as percentage of empty body 
weight between females is shown in table (9.1). No significant 
(P>0.05) difference was observed within the three treatments in  
61 
 
Table 7: Effect of management systems on non-carcass 
components (as percentage of empty body weight) of desert 
sheep (Hamari sub type) 
 
Parameters Treatments  
 A B C S.E L.S 
Rumen full  18.18 21.83 21.97 0.72  N.S 
Rumen empty  3.63 4.25 4.51 0.09  N.S 
Intestine full  8.48 9.67 8.98 0.21  N.S 
Intestine empty   3.01 3.57 4.02 0.08  N.S 
Tail  1.87 1.79 1.93 59.94  ** 
Liver  1.37 1.54 1.66 26.11  N.S 
Heart  2.27 1.80 1.72 13.03  N.S 
Lung and trachea  2.11 2.37 1.95 32.08 ** 
Kidney  1.27 1.15 1.07 3.96  N.S 
Reproductive organs  2.71 1.59 1.61 27.74 * 
Mesenteric fat  1.06 1.30 1.08 39.09 ** 
Head  6.83 7.02 7.93 0.09  N.S 
Skin  8 7.71 8.52 0.11  *** 
Four feet  3.12 3 3.26 0.44  N.S 
Gut fill% 20.02 23.86 27.06 1.11 * 
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Table 8: Effect of sex on non carcass components of desert 
sheep (Hamari sub type)  
Parameters Females Males S.E L.S 
Rumen full (kg) 5.79b 7.64 a 0.63 * 
Rumen empty kg) 1.27 1.42 0.08 NS 
Intestine full (kg) 2.85b 3.05 a 0.19 * 
Intestine empty(kg) 1.18 1.11 0.07 NS 
Tail wt (g) 572.2b 646.82 a  52.86 * 
Liver wt (g) 466.67b 522.22 a 13.62 * 
Heart wt (g) 144.44 150.0 23.03 NS 
Lung and trachea (g) 638.89b 769.44 a 11.49 * 
Kidney wt (g) 84.08 90.71 3.50 NS 
Reproductive organs wt(g) 162.22a 136.11 b 24.46 * 
Mesenteric fat  wt(g) 383.33a 366.11 b 34.47 * 
Omentum fat wt (g) 600a 516.67 b  34.47 ** 
K.N.C.F wt(g) 518.96a 410.84 b  53.89 ** 
Spleen wt (g) 48.89b 410.84 a 5.30 * 
Subcutaneous fat (dm3) 0.34 0.27 0.03 NS 
Head wt (kg) 2.24 2.47 0.08 NS 
Skin wt (kg) 2.62 2.65 0.09 NS 
For feet wt (g) 888.89b 1147.22 a  44.48 ** 
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the rumen full, rumen empty, intestine full, intestine empty, 
liver, heart, spleen, head, skin and carcass length. However 
differences in tail, lung and trachea, kidney, testicles, 
mesenteric fat, omentum fat, kidney knob channel fat and four 
feet were significant (P<0.05) among the treatments.  Females 
in treatment A had the highest tail weight percentage compared 
to females in the other treatments B and C. 
Within females in treatment A had the highest kidney and 
mesenteric fat compared to females in B and C. The females in 
treatment A scored higher weight percentage of omentum fat 
than females in treatments B and C. With regard to kidney knob 
channel fat, and four feet the females in treatment A had higher 
weight percentage than those in treatments B and C. On the 
other hand the males showed in table (9.2) there were no 
significant (P>0.05) difference  among the three treatments in 
the rumen empty, intestine full, intestine empty, liver, heart, 
kidney, head, skin and carcass length. However, there were 
significant (P<0.05) differences in the rumen full, tail, lung and 
trachea, genital organs, mesenteric fat, omentum fat, kidney 
knob channel fat, spleen and four feet. Males in treatment B 
had higher weight percentage of rumen full than males in 
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treatments A and C. The males in treatment A also gave the 
best of tail and kidney knob channel fat weight percentage than 
males of the other treatments B and C. The weight of the lung 
and trachea of males in treatment B was higher than that of 
males in treatments A and C. The weight of the genital organs 
of males in treatment A was higher than that of other males in 
treatments C and B. The males in treatment A had higher 
values of omentum fat than males in B and C. The value of 
spleen in males of treatment B was higher than that of 
treatments A and C. The highest weight percentage of four feet 
was observed in males of treatment A they were higher than 
those of treatments B and C.  
4.1.5.1 Means of the carcass cuts and total carcass tissues 
percentage among the three treatments: 
 Means of the carcass cuts and total carcass tissues 
percentage among the three treatments are shown in table (10). 
The proportion of the wholesale cuts were significantly 
(P<0.05) different among the three treatment groups. The 
muscle percentage of the animals in group A gave the highest 
weight compared to those in the other groups. 
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Table 9.1: The effect of female and management systems on 
non-carcass components (as percentage of empty body 
weight) 
Parameters Treatments  
 A B C S.E L.S 
Rumen full  14.29 16.51 20.84 1.02  
NS 
Rumen empty  3.50 3.97 3.66 
0.12  NS 
Intestine full  7.80 8.45 8.91 
0.30  NS 
Intestine empty  2.93 3.16 4.49 0.11  
NS 
Tail  1.74 1.76 1.50 84.77 * 
Liver  1.28 1.35 1.50 36.93 NS 
Heart  1.2 1.1 1.5 18.4 NS 
Lung and trachea 1.87 2 1.72 45.37 * 
Kidney 6.8 6.5 8.7 5.60 * 
Genital organs 1.5 1.3 1.3 39.23 * 
Mesenteric fat  1.23 901.20 1.05 55.28 * 
Omentum fat  2.16 2.02 1.16 123.71 * 
K.N.C.F 2.03 1.65 1.08 86.42 * 
Spleen   3.7 3.9 3.2 8.5  NS 
Head  6.52 5.93 7.41 0.12  NS 
Skin  8.08 7.08 7.88 0.15  NS 
Four feet  2.69 1.62 2.77 71.33 * 
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Table 9.2: The effect of male and management systems on non-
carcass components (as percentage of empty body weight) 
Parameters Treatments  
 A B C S.E L.S 
Rumen full  21.17 24.58 20.83 1.02  * 
Rumen empty  3.57 4.06 4.88 0.12  NS 
Intestine full  8.74 9.74 8.08 0.30  NS 
Intestine empty  2.98 3.58 3.13 0.11  NS 
Tail  1.92 1.91 2.16 84.77 * 
Liver  1.40 1.54 1.65 36.93 NS 
Heart  1.2 1.2 1.4 18.4  NS 
Lung and trachea 2.26 2.45 1.98 45.37  * 
Kidney 6.7 7.3 9.5 5.60  * 
Genital organs 1.4 1.2 1.4 39.23 * 
Mesenteric fat  1.20 2.5 2.8 55.28 * 
Omentum fat  1.2 1.1 1.1 123.71 * 
K.N.C.F 1.50 1.17 1.2 86.42 * 
Spleen   4.6 5.9 4.9 8.5  * 
Head  6.82 7.28 7.58 0.12  NS 
Skin  7.53 7.42 8.31 0.15  NS 
Four feet  3.34 3.29 3.41 71.33 * 
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The bone percentage of carcass weight in group A was higher 
than those in the other groups. The fat weight percentage of the 
animals in groups A and B was the highest compared to those 
in group C. Trim weight of the animals in group B was the 
highest compared to those in the other groups. The proportion 
of muscle: bone ratio were not significantly (P>0.05) different 
among the three treatments.  
4.1.6 Effect of treatments and sex on sensory attributes of 
desert sheep (Hamari subtype) 
 Mean values of the sensory attributes of the different 
management systems are shown in table 11 there were no 
significant (P>0.05) differences among the three treatments in 
the, acceptability, juiciness, flavour and tenderness. However, 
there were significant (P<0.05) differences for colour among 
the three treatments. The animals in treatment A got higher 
scores than those in treatments B and C. The effect of the sex 
on the subjective evaluation is shown in table 11 there were no 
significant (P>0.05) difference between males and females in 
the acceptability, juiciness, flavour, tenderness and colour, 
respectively. 
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Table 10: Muscle, bone, fat and trim tissues affectedly  
different management systems of desert sheep (Hamari sub 
type) 
 
Parameters Treatments  
 A B C S.E L.S 
Muscle% 39.96a 35.79b 31.05 c  13.65 * 
Bone% 19.88a 16.06b 14.79 c  12.81 * 
Fat % 8.99a 8.11b 6.17 c  3.36 * 
Trim % 4.43c 5.21a 4.49 b  2.27 * 
Muscle: Bone  ratio 2:1 2:2 2:1 0.64  N.S 
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4.1.6.1The effect of sex and management systems on the 
subjective evaluation: 
 The effect of sex and management systems on the 
subjective evaluation is shown in table (12.1&12.2) there were 
no significant (P>0.05) difference within females in the three 
treatments of acceptability, juiciness, flavour, tenderness and  
colour, respectively.  On the other hand the males recorded 
also no significant (P>0.05) difference among the three 
treatments in the, acceptability, juiciness, flavor, tenderness and 
colour.  
4.1.7 Data for the meat colour attributes of L. dorsi muscle: 
 Data for the meat colour attributes of L. dorsi muscle is 
shown in figuer (1) the measurements of the colour stimuli 
revealed no significant (P>0.05) differences among the three 
treatments.   
4.1.8 Total lean chemical compositions: 
4.1.8.1 Means and standard errors of females and males 
meat chemical and physical aspects: 
Means and standard errors of females and males meat 
chemical and physical aspects in table (13) there were no 
significant (P>0.05) differences  shown between the sexes for 
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moisture, ash, crude protein, water holding capacity, cooking 
losses, sarcoplasmic protein, my fiber  protein and non protein 
nitrogen . However there were significant (P<0.05) differences 
between the sexes for ether extract and eye muscle area (cm2). 
The ether extract content of females in three treatments was 
greater than those of males. The males had the largest eye-
muscle compared to females. 
4.1.8.2 The effects of the three management systems on the 
meat chemical and physical aspects: 
 The effects of the three management systems on the meat 
chemical and physical aspects are shown in table (14) There 
were no significant (P>0.05) differences among the three 
treatments for ash, sarcoplasmic protein and non protein 
nitrogen. However there were significant (P<0.05) difference 
for moisture, ether extract, crude protein, water holding 
capacity, cooking losses, my fiber protein and eye muscle area. 
The moisture content of animals in treatment C was higher than 
animals in treatments B and A.  The ether extract content in 
treatment A was higher than in treatments B and C. The crude 
protein in treatment A gave higher values compared to those in 
the other groups B and C. 
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Table 11: Effect of treatments and sex on sensory attributes 
of desert sheep (Hamari subtype) 
 
Parameters Treatments  Sex  
 A B C S.E L.S Females Males S.E L.S 
Acceptability 7.10 6.98 7.02 0.14 N.S 6.83 6.82 0.11 N.S 
Juiciness 6.88 7.07 6.83 0.14 N.S 6.74 7.11 0.11 N.S 
Flavour 7.12 7.05 6.97 0.12 N.S 6.93 7.16 0.01 N.S 
Tenderness 7.23 7.02 6.97 0.13 N.S 6.88 7.27 0.01 N.S 
Colour 6.98a 6.80b 6.63c 0.11 * 6.82 6.79 0.09 N.S 
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Table 12.1: Effects of female and management systems on 
the meat subjective evaluation 
Parameters Treatments  
 A B C S.E L.S 
Acceptability 7.07 6.67 6.77 0.17  
N.S 
Juiciness 6.63 6.80 6.80  0.20  
N.S 
Flavour 7.13 6.73 6.93  0.17  
N.S 
Tenderness 6.93 6.70 7.00  0.18  
N.S 
Colour 6.97 6.67 6.83  0.15  
N.S 
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Table 12.2: Effects of male and management systems on the 
meat subjective evaluation  
Parameters Treatments  
 A B C S.E L.S 
Acceptability 7.13 7.30 7.27 0.17  
N.S 
Juiciness 7.13 7.33 6.87 0.20  
N.S 
Flavour 7.10 7.37 7.00 0.17  
N.S 
Tenderness 7.53 7.33 6.93 0.18  
N.S 
Colour 7.00 6.93 6.43 0.15  
N.S 
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Figuer (1): Effect of colour attributes of the three treatments 
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Table 13: Means and standard errors of females and males 
meat chemical and physical characteristics 
Parameters Sex  
 Females Males S.E L.S 
Moisture 74.14 75.13 0.07  N.S 
Ash 0.91 0.89 0.04  N.S 
Ether extract 2.24b 2.13a 0.04 * 
Crude protein 20.56 20.16 0.13  N.S 
Water holding capacity 2.36 2.33 0.10  N.S 
Cooking losses 37.89 38.91 0.57  N.S 
Sarcoplasmic protein 5.61 5.61 0.10  N.S 
My fiber protein 7.60 7.31 0.11  N.S 
Non protein nitrogen 0.43 0.46 0.10  N.S 
Eye muscle area 22.09b 22.67a 0.59 * 
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The water holding capacity (WHC) showed significant 
(P<0.05) differences among the treatment groups. The superior 
WHC was obtained by the animals in group A compared to the 
animals in groups C and B. The meat cooking losses of the 
animals in treatment A were lower compared to those in the 
other treatments. The eye muscles of the animals in treatment A 
were larger than those in treatments B and C. 
4.1.8.3 Effects of sex and management systems on meat 
chemical and physical aspects: 
 The effects of sex and management systems on meat 
chemical and physical aspects are shown in table (15.1) there 
were no significant (P>0.05) differences among the females in 
the three treatments for, moisture, ash, sarcoplasmic protein and 
non protein nitrogen. However were significant (P<0.05) 
differences for ether extract, crude protein, water holding 
capacity, cooking losses, my fiber protein and eye muscle area. 
The ether extract within females in treatment A was greater 
than females in treatments B and C. 
77 
 
Table 14: Means and standard errors of the meat chemical 
and physical parameters in the three treatments 
Parameters Treatments  
 A B C S.E L.S 
Moisture 73.87a 74.77b 75.28c 0.08 *
Ash 0.95a 0.88a 0.87a 0.07 NS
Ether extract 2.63a 2.07b 1.87c 0.08 * 
Crude protein 21.40a 20.72b 19.45c 0.16 *
Water holding capacity 1.62a 3.57b 2.70c 0.12 *
Cooking losses 36.00c 38.57b 40.63a 0.70 *
Sarcoplasmic protein 5.43a 5.80a 5.60a 0.12 NS
My fiber protein 10.98a 5.80b 5.58c 0.14 *
Non protein nitrogen 0.50a 0.43b 0.40c 0.01 *
Eye muscle area 26.12a 21.12b 19.90c 0.72 * 
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The females in treatment A recorded the best of crude 
protein percentage compared to treatments B and C, 
respectively. The females in treatment A recorded better water 
holding capacity compared to treatments C and B, respectively. 
The females in group A also gave the best cooking losses 
compared to females in groups B and C. The females in 
treatment A had the best eye muscle measured compared to 
treatments B and C. 
 The comparison within males regarding the chemical and 
physical characteristics of the three treatments is shown in table 
(19.2) there were no significant (P>0.05) differences between 
the three groups for moisture, crude protein, sarcoplasmic 
protein and non protein nitrogen. However, there were 
significant (P<0.05) differences in ash, ether extract, water 
holding capacity, cooking losses, my fiber protein and eye 
muscle area. 
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Table 15.1: Effects of female and management systems on meat 
chemical and physical parameters (Hamari sub type) 
 
 
 
 
 
 
 
 
 
Parameters  Treatments   
 A B C S.E L.S 
Moisture 73.47 74.20 74.77 0.12 
N.S
Ash 0.87a 0.97
a 0.90a 0.08 NS
Ether extract 2.77a 2.13
b 1.83c 0.11 * 
Crude protein 22.10a 20.20
b 19.37a 0.23 *
Water holding capacity 1.50c 2.83
a 2.73b 0.17 *
Cooking losses 35.13c 37.83
b 40.70a 0.99 *
Sarcoplasmic protein 5.40a 5.70
a 5.73a 0.17 N.S
My fiber protein 11.40a 5.70b 5.70b 0.19 *
Non protein nitrogen 0.50a 0.40
a 0.40a 0.01 N.S
Eye muscle area 26.40a 20.23
b 19.63c 0.01 * 
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Table 15.2: Effects of male and management systems on meat 
chemical and physical parameters (Hamari sub type) 
 
Parameters Treatments  
 A B C S.E L.S 
Moisture 74.27 75.33 75.80 0.12 
N.S
Ash 1.03a 0.80
a 0.83a 0.08 NS
Ether extract 2.50a 2.00
b 1.90c 0.11 * 
Crude protein 20.70a 20.23
b 19.53c 0.23 *
Water holding capacity 1.73c 2.60
b 2.67a 0.17 *
Cooking losses 36.87c 39.30
b 40.57a 0.99 *
Sarcoplasmic protein 5.47a 5.90a 5.17
a 0.17 N.S
My fiber protein 10.57a 5.90
b 5.47c 0.19 *
Non protein nitrogen 0.50a 0.47
a 0.47a 0.01 N.S
Eye muscle area 25.83a 22.00
b 20.17c 0.01 * 
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CHAPTER FIVE 
DISCUSSION 
  Growth performance of desert sheep (Hamari sub type): 
 The average initial body weights for the three groups were 
32.56, 33.60 and 31.60 and were not significantly (P>0.05) 
different among the three treatment groups. This will allow a fair 
comparison between treatment groups. The average final body 
weights were significantly (P<0.05) different among the treatment 
groups, sheep in treatment A (48.10) had greater final body weight 
than treatments B (44.40 kg) and C (42 kg). This result is similar to 
the results of Ahmed (1993) who found that, the average initial 
body weight for the three groups was 22.6 kg which was not 
significantly different among groups, but the average final body 
weights were significantly (P<0.05) different. The values of final 
weights were 36.8, 32.8 and 28.3 kg for groups A, B and C, 
respectively. This result  agrees with Beshir (1996) who reported 
that, the average final body weight were not significantly different 
among the treatment groups, their values were 37.71, 36.69 and 
36.04 kg in treatments A, B and C, respectively.  
The average daily weight gain was significantly (P<0.05) 
different among the treatment groups, and the highest rate was in 
treatment A (129.5 gm) followed by B (90 gm) and finally C 
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(86.67 gm). The average daily weight gain reported in this study 
agrees with that reported by El-Khider et al. (1989) reported an 
average daily gain of 121 and 117 gm per day for desert sheep fed 
molasses-urea blocks plus oil seed cake and concentrates. Ahmed 
and Suleiman (1988) and Mansour et al. (1988) found similar 
results for Sudan desert sheep fed 10% and 15 % blood meal. 
Suleiman and El-Amin (1980) and Allama (1987) reported that 
daily gain of Sudan desert sheep was 237 and 215 gm per day 
which is superior to the values reported in the present study. El-
Amin and Suleiman (1983) reported that the average daily weight 
gain was 237.2 gm in Gezira lambs, while Ahmed and Suliman 
(1988) in a study on Butana Shugor lambs reported a daily weight 
gain of 162.6 gm. These values are superior to the values reported 
in this study for the Desert sheep subtypes. The most likely reason 
for this discrepancy might be due to the fact that animals used in 
this study were more mature than those in the other studies 
reported.  
 Effect of sex on body weight:  
In the present study, there were no significant (P>0.05) 
differences between females and males in treatment A in final 
body weights and the highest final weight was 48.28 in both males 
and females. In treatments B and C the average final body weight 
of males (47.60, 47.60 kg, respectively) was significantly (P<0.05) 
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greater than that of females (41.20, 42.40 kg, respectively). The 
differences in final weight between males and females in 
treatments B and C may be due to genetic factors. This confirms 
the belief that males have better body weight gain than females.  
The above findings were in agreement with Musa et al. (2005) who 
reported body weights of rams and ewes were 45.59 and 39.50 kg, 
respectively. The results are also similar to those of Mohamed 
(2004) who reported that, the final live weight was significantly 
(P<0.05) higher for ram than ewe lambs.  
The average body weights of females were significantly 
(P<0.05) different among the three treatments. The average live 
weight was higher in females of group A than those of B and C. 
Their values were 38.74, 35.21 and 35.21 kg, respectively. This 
result is in harmony with the results of Fadul (2007) who found 
that there were significant differences between ewes fed on pasture 
and those supplemented. These results are also similar to the 
results of Lutfi, (1985) obtained from Desert lambs at the same 
age.  
The average live weights of males in the three treatments 
were significantly (P<0.05) different. The males from group A had 
higher average live weights than those of males in the other 
groups. This result disagrees with the results of Suliman (1999) 
who reported that the differences in final body weight average 
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were not significant between groups. The animals fed on 
groundnut cake had the highest final body weight average (31.69 
kg), while animals fed on sesame cake had the lowest final body 
weight average (29.98 kg). Amani, et al. (2009) reported that the 
average final body weight was not significantly different among 
treatment groups. Group A (0 % Water melon seed cake) (control) 
had the highest final live weight (40.13 kg) followed by group B 
(38.38 kg), group C (37.19 kg), group D (36.79 kg) and group E 
had the lowest final body weight (36.31 kg). These differences 
may be attributed to differences between rations.  
 Body measurement: 
The determination of correlations between body 
measurements in sheep may help to provide tools for predicting 
characters which are not usually easily measured in the field. In the 
current study eight basic physical measurements were taken with 
the purpose of providing a comparative description of the three 
groups of animals under investigation.  
Table 3 revealed effect of sex in linear body measurements 
there were no significant differences between females and males in 
the length of head, ear, neck and tail. However, the height at 
withers, heart girth, chest depth and body length, were significantly 
(P<0.05) different in the two sexes. The males had higher 
measurements than females; their values were 84.54, 84.04, 42.01 
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and 64.11 cm, respectively. The corresponding measurements for 
females were 82.60, 82.22, 41.58 and 60.71 cm, for height at 
withers, heart girth, chest depth and body length, respectively. Our 
results are in agreement with Musa et al. (2005) who indicated that 
the average body length, heart girth, height at withers and chest 
depth of ram were 64.17, 86.59, 82.65 and 43.43 cm and for ewe 
were 61.87, 83.10, 76.97 and 41.12 cm, respectively. The results 
are also similar to those of Mohamed (2004) who reported that 
there were no significant differences between ewes and rams in 
heart girth. Wither height and body length were significantly 
(P<0.01) greater in rams than in ewes and this may partly be due to 
differences in the degree of development as a consequence of the 
effects of sex hormones. These results were supported by Mehta et 
al. (1995) who stated that sex of the animal had a significant effect 
on body weight, height at weathers, body length and chest girth. In 
addition, the results are also in agreement with the findings of 
Suleiman et al.,(1990) who reported that Shugor and Dobasi have 
the best chest depth in relation to age, followed by heart girth, 
body length and withers height. The results are also similar to 
those of Hibret et al., (2001) who reported on the physical 
measurements in mature Ethiopian (Menz). His results showed that 
among live measurements of body condition score heart girth, 
body length and withers height, have the highest correlation with 
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body length and withers height. Also Maglad et al. (1986) found a 
strong positive correlation between body weight and heart girth 
measurements. These differences may be due to genetic factors and 
confirm the belief that males have higher body measurements than 
females. 
The different measurements of females and males of the three 
treatments in the study were showed no significant (P>0.05) 
differences among females in head, ear, neck, tail, height, chest 
depth and body length in treatments A, B and C, respectively. Also 
males of the three treatments were not significantly (P>0.05) 
different with regard to those parameters. This result is in harmony 
with the results of Mohamed (2002) who found that, there were no 
significant differences in these measurements between Hamari and 
Kabashi lambs. However, Kabashi had higher values for height at 
withers, heart girth and head length.  
The effects of the three different management systems on 
carcass characteristics:  
 There were significant (P<0.05) differences among the 
treatment groups with regard to the warm carcass, cold carcass and 
empty body weight. Their values were 43.04, 41.63 and 36.38 kg 
in the warm carcass, 20.79, 18.58 and 16.25 kg in the cold carcass, 
35.86, 33.61 and 30.21 kg in empty body weight, in treatments A, 
B and C, respectively. This finding is in agreement with the results 
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of Ahmed (1993) who found that, there were significant (P<0.05) 
differences in warm carcass and cold carcass weights when Sudan 
Desert lambs were fed sorghum grains and molasses at ratios of 
40:0, 20:20 and 0:40. Mansour et al. (1988b) found that, lambs fed 
rations containing 45% and 30% groundnut hay gave slaughter 
weights of 31.5 and 32.1 kg and hot carcass weights of 13.3 and 14 
kg, respectively. Mansour (1987) reported a mean slaughter weight 
of 32.3 kg and yield of 15.9 kg warm carcass with dressing 
percentage of 49.1 (on empty body weight). The results are in 
disagreement with Beshir (1996) who found that there were no 
significant differences among treatment groups in slaughter weight 
and carcass weight (cold or warm). These differences may be due 
to rations, age or physical conditions. 
There were significant (P<0.05) differences between females 
and males of the three treatments in slaughter weight, warm 
carcass weight and cold carcass weight. Males obtained higher 
weights than females. This result is in harmony with the results of 
Mohamed (2004) who found that the average hot and cold carcass 
weights were significantly (P<0.05) heavier in male than in female 
lambs.  
 Dressing percentage: 
 The dressing percentage on the basis of warm carcass and 
cold carcass was significantly (P<0.05) different in the three 
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treatments. The means of the three management systems A, B and 
C were 50.14, 47.03 and 45.82% on the basis of warm carcass, and 
48.30, 44.63 and 44.67% on the basis of cold carcass, respectively. 
This is in agreement with the results of Ahmed and Suleiman 
(1988) who found a dressing percentage of about 49.8. Mansour et 
al. (1988a) reported a dressing percentage of up to 54.3 in fattened 
lambs. Our findings were supported by El karim and Owen (1987) 
who reported respective dressing percentages of 45.06 and 43.35 
for Sudan Desert sheep ecotypes Watish and Shugor. Similarly, El-
Hag (1981) found a dressing percentage of 46.3- 47.5, Gaili et al. 
(1972) in a study on young Sudan Desert sheep estimated dressing 
percentage as 48.3 and El Khidir (1989) estimated it as 47.7. 
The gut fill expressed as a percentage of empty body weight 
was significantly (P<0.05) different among the three treatments. Its 
values were 20.02, 23.86 and 27.06% in treatments A, B and C, 
respectively. This finding is in agreement with the gut fill reported 
by El Khidir et al. (1984) and Osman et al. (1985) in Sudan Desert 
sheep which ranged between 17- 28%. El-Khidir (1989) reported a 
gut fill of 21.2, 18.4 and 17.0 in Sudan Desert sheep.  
On the other hand the dressing percentage calculated as a 
proportion of empty body weight was 60.18, 58.26 and 55.18 on 
the basis of hot carcass, and 57.98, 55.28 and 53.79 on cold carcass 
basis in the three treatments A, B and C, respectively. This is in 
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agreement with the findings reported by Ahmed (1993) of 56.55, 
55.5 and 54.7 for treatments A, B and C, respectively. These 
results are also similar to the results of El-Amin (1981) who found 
that, the dressing-out percentage ranged between 52.8-56.6, and 
similar to the 53% dressing percentage reported by Gaili (1977) in 
Sudan Desert sheep.  
Non-carcass components:  
The results of non-carcass components expressed as 
percentage of empty body weight are summarized in table 10. 
There were no significant differences among the treatments except 
tail, lung and trachea, testicles, mesenteric fat and skin which 
showed significant (P<0.05) differences among the three 
treatments. Their values were 1.87, 1.79 and 1.93%  for the tail, 
2.11, 2.37 and 1.95% for the lung and trachea, 2.71, 1.59 and 
1.61% for the genital organs, 1.06, 1.30 and 1.08% for the 
messentric fat and 8, 7.71 and 8.52% for the skin, in treatments A, 
B and C, respectively. These results are in agreement with the 
result of El -Type et al. (1987) who reported that the percentage of 
lung and trachea, testicles and tail was 8.24, 1.20 and 2.10, 
respectively. Mansour et al. (1988) found that, lung and trachea, 
sex organs, and mesenteric fat percentage were 2.70, 1.12 and 
1.08%, respectively.  
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There were significant (P<0.05) differences in the non-
carcass components of rumen full, intestine full, tail weight, liver 
weight, lung and trachea, genital organs, mesenteric fat, omentum 
fat, kidney knob channel fat, spleen and four feet. Females had the 
highest weight in reproductive organs, mesenteric fat, omentum fat 
and kidney knob channel fat compared to males. This result is in 
agreement with the results of Mohamed (2004) who found that, the 
mesenteric fat, omentum and kidney knob and channel fats were 
heavier in ewes than in the rams. The results are also similar to 
Kashan et al. (2005) who reported that the percentage of inter 
muscular fat, and internal fat in males were 7.1, and 6.6 and the 
corresponding values in females were 9.1, and 11.7, respectively.  
The study revealed no significant (P>0.05) differences within 
females in the three treatments with regard to rumen full, rumen 
empty, intestine full, intestine empty, liver, heart, spleen, head and 
skin. However, there were differences in lung and trachea, kidney, 
testicles, mesenteric fat, omentum fat, kidney knob channel fat and 
four feet. Females in treatment A recorded the highest weights 
compared to those in the other treatments. These differences may 
be due to the effects of the different rations. 
On the other hand, males showed no significant (P>0.05) 
differences among the three treatments in the rumen empty, 
intestine full, intestine empty, liver, heart, kidney, head and skin. 
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However, there were significant (P<0.05) differences in rumen 
full, lung and trachea, genital organs, mesenteric fat, omentum fat, 
kidney knob channel fat, spleen and four feet. These findings are in 
agreement with those of Mohamed (2002) who reported that there 
were no significant differences in head, empty stomach and spleen. 
However, there were significant differences in stomach full, heart, 
testicles, mesenteric fat, kidney fat, tail, lung and trachea, 
pancreas, kidneys and empty intestines.  
 Whole-sale carcass cuts: 
Callow et al. (1944) pointed out that the analysis of the 
composition of a single side is a satisfactory method for arriving at 
the composition of the whole carcass. The major wholesale cuts 
according to Smith et al. (1978) are leg, sirloin, loin, rack and 
shoulder. The minor cuts are breast, shank, neck and flank. 
The proportion of muscle to bone ratio revealed no 
significant differences between the three groups and gave values of 
2.23, 2.09 and 2.01% in treatments A, B and C, respectively. This 
is close to the findings reported by Ahmed (1993) who found no 
significant differences in muscle: bone ratio, and the values he 
found were 2.73, 2.79 and 2.66, respectively. Our findings were 
supported by El-Dierani (1995) who found that there were no 
significant differences in the proportions of the muscle and bone 
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tissues, but fat percentage showed significant (P<0.05) differences 
particularly between Watish and Dubasi.  
 Cut yields of females and males:  
   The results showed that there were significant (P<0.05) 
differences between females and males in total weight, muscle, 
bone, fat and trim. Females gave higher weight than males. These 
differences may be due to genetic factors. The effect within sex of 
the three treatments of yield cuts showed a significant (P<0.05) 
difference between females and males in muscle, bone and trim, 
the males recorded higher values than females in the three 
treatments. These results disagree with those of Gaili and Mahgoub 
(1981) who compare the developmental patterns of the major 
carcass tissues in males and females of Desert sheep. They 
revealed no significant differences between the two sexes in 
carcass weight at an equally adjusted empty body weight. The 
above results disagree with the results of Everitt and Jury (1966) 
who reported small differences between rams and ewes. These 
differences may have been caused by the differences in feeding 
pattern.  
Effect of management systems on sensory attributes 
 Mean values of the sensory attributes of the three different 
management systems as shown in table 14 revealed no significant 
differences among the three treatments in the acceptability, 
93 
 
juiciness, flavor and tenderness. However there were significant 
(P<0.05) differences in colour among the three treatments. These 
results disagree with the results of Ahmed (1993) who found that 
there were no significant differences among the treatments in 
colour, tenderness, flavour and juiciness. Gaili et al. (1972) found 
that the age and species affected palatability characters of the 
cooked meat of sheep and goats. Tenderness decreased with age. 
The difference in the colour of meat may be attributed to rations. 
There were no significant differences between males and 
females in the three treatments with regard to acceptability, 
juiciness, flavour, tenderness and colour. There were no significant 
differences within females and males in the three treatments with 
regard to acceptability, juiciness, flavour, tenderness and colour. 
These results are in agreement with the findings of Mohamed 
(2004) who reported that, the subjective evaluations of meat 
quality from ram and ewe were not significantly different between 
the two sexes for colour, juiciness, flavour intensity, tenderness 
and overall acceptability. Suliman (1999) found that, there were no 
significant differences among the treated for all subjective 
parameters. 
Data for meat colour attributes of L-dorsi muscle area shown 
in table 16 revealed no significant differences in lightness, redness 
and yellowness. These results are agreed with the results of Ahmed 
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(1993) who reported that there were no significant differences 
among the treatments in lightness, redness and yellowness of the 
L-dorsi muscle. They are also similar to the results of Suliman 
(1999) who found that there were no significant differences in 
colour among meat of animals of the treated. They are similar to 
the results obtained by Beshir (1996) who reported no significant 
differences among the treatment groups were observed for Hunter 
lightness, redness and yellowness indicating similar meat colour in 
the three treatment groups.  
 Chemical analysis:  
There were no significant differences among the three 
treatments in moisture, ash, and crude protein, water holding 
capacity, cooking losses, sarcoplasmic protein, my fiber protein 
and non protein nitrogen. However, there were significant (P<0.05) 
differences among the two sexes in ether extract. Which was (2.24) 
in females and was greater than males (2.13). The higher 
concentration of fat in ewe meat coincided with their higher 
carcass fat. These results are in agreement with those of Mohamed 
(2004) who reported that there were non-significant differences 
between the two sex groups in moisture, crude protein and ash. 
However, ram meat had slightly higher values than ewe meat. Fat 
was significantly (P<0.05) higher in ewe meat. These findings 
were supported by Everitt and Jury (1964), Lawrie (1979), 
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Schanbacher et al. (1980) Mohamed (1994) in sheep and Elmoula 
et al. (1999) in goats’ meat. 
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5.2 CONCLUSIONS AND RECOMMENDATIONS 
 Conclusions: 
From the results: 
1- The final body weights of Hamari sheep supplemented 
with concentrates were greater than those grazed on 
natural pasture.  
2- Hamari sheep grazing on natural pasture gave male with 
higher body weights than female. 
3- The body measurements of Hamari sheep were 
significantly higher with regard to height at withers, heart 
girth, chest depth and body length in males compared to 
females. 
4- Wholesale cuts and total carcass tissues among the three 
groups and within females and males of Hamari sheep 
were significantly different with regard to total weight, 
muscle, bone and trim in the treatments this may affect 
palatability. 
5- Intramuscular fat revealed significant differences between 
and within males and females of Hamari sheep in the three 
treatments. 
6- Short watering intervals gave better results on final body 
weight, slaughter weight and carcass weight of Hamari 
sheep compared to long watering intervals. 
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7- A management strategy that involves shorter watering 
intervals and feed supplementation will probably reflect 
positively on the performance of Hamari sheep. 
 Recommendations: 
The following recommendations are suggested: 
? Supplementation with concentrate must be administered 
during the dry season.  
? Reduction of watering intervals must be implemented to 
obtain better results on final body weight and other 
performance characteristics.  
? Large scale studies and more information on local feed 
ingredients are needed in the area of hamari sheep.  
? Researchers working in that area should be continued make 
their valuable results available to nomadic sheep owners.  
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Appendix (1) 
  Joint composition (as percentage of joint weight). 
Parameters Treatments  
Neck A B C S.E L.S 
Muscle 52.7 55.02 56.9 4.51  ** 
Bone 25.8 25.5 27.6 9.69  NS 
Fat 19.2 8.3 8.1 9.88  * 
Trim 5.3 7.8 7 29.53  NS 
Breast      
Muscle 43.3 48.2 46.1 12.11  * 
Bone 21.7 22.2 26.6 6.49  * 
Fat 18.3 19.9 18.6 0.08  * 
Trim 5.8 5.3 8.2 19.64  NS 
Fore shanks      
Muscle 49.3 62.8 58.9 11 NS 
Bone 25.2 34 30.7 3.24 ** 
Fat 7.1 9.4 6 14.23 NS 
Trim 6.2 8.9 6.7 13.48 NS 
Leg      
Muscle 81.5 55.7 55.4 7.86 * 
Bone 19.4 19.1 20.1 2.97 * 
Fat 16.4 12 11.4 4.29 * 
Trim 3.7 4.6 3.2 0.21 NS 
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Loin      
Muscle 62.2 55.8 58.7 6.45 * 
Bone 16.8 16.1 21.1 12.02 NS 
Fat 17.1 15.2 11.7 7.43 ** 
Trim 6.3 6.7 8.1 11.51 NS 
Sirloin      
Muscle 51.2 55 55.7 4.85 NS 
Bone 25.4 23.4 24.3 6.09 NS 
Fat 15.2 23.4 24.3 7.5 * 
Trim 7.6 7.1 7 18.03 NS 
Rack      
Muscle 50.4 48.3 51.3 4.55 NS 
Bone 24.9 20.9 28.5 7.43 * 
Fat 14.8 11.8 12.6 10.83 NS 
Trim 6.9 5.9 6.4 100.07 NS 
Shoulder      
Muscle 54.1 54.6 53.7 11.51 NS 
Bone 21.3 20.6 23.3 3.43 NS 
Fat 9.1 9.1 10.4 17.08 NS 
Trim 3.9 4.9 2.9 22.77 NS 
Flank      
Muscle 41.9 38.3 50.7 10.27 * 
Fat 22.4 24.3 19 16.85 * 
Trim 12.5 27.9 22.2 23.63 * 
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Appendix (2) 
Effect of sex on carcass yield (as percentage of joint weight) of 
females and males. 
 
Parameters Sex  
 Females Males S.E L.S 
Neck     
Muscle 53.3 56.4 3.73 * 
Bone 27.3 24.9 7.69 * 
Fat 27.3 24.9 5.79 * 
Trim 58.87a 36.57b 17.53 * 
Flank     
Muscle 43.0 42.6 0.09 * 
Fat 71.68a 53.87b 14.09 * 
Trim 60.10 63.49 1.66 NS 
Breast     
Muscle 45.4 46.2 4.67 * 
Bone 23 23.6 5.19 * 
Fat 23 19.4 5.41 * 
Trim 5.3 7.42 18.03 NS 
Fore shanks     
Muscle 54.1 58.3 18.73 * 
Bone 28.8 30.1 2.66 * 
Fat 7.1 7.8 13.27 * 
Trim 8 6.1 13.13 * 
Leg     
Muscle 58.5 58 9.32 * 
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Bone 19.5 19.6 2.52 * 
Fat 11 11.8 5.46 * 
Trim 4.6 3.1 14.59 * 
Loin     
Muscle 61 57 5.83 * 
Bone 16.9 18.7 10.76 * 
Fat 15.2 14.6 7.73 NS 
Trim 6.9 7 9.43 NS 
Sirloin     
Muscle 
52.2 
 
55.6 
 
3.10 * 
Bone 24.3 24.4 5.77 NS 
Fat 
15.5 
 
13.8 
 
8.55 * 
Trim 
6.6 
 
5.7 
 
18.76 NS 
Rack     
Muscle 47.4 38.7 3.60 * 
Bone 25 23.5 0.55 ** 
Fat 12.5 13.6 9.55 * 
Trim 12.8 7.5 40.18 * 
Shoulder     
Muscle 50.7 60.8 9.56 * 
Bone 21.2 22.2 2.86 * 
Fat 8.2 8.8 15.72 * 
Trim 5.4 4.6 23.94 * 
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Appendix (3) 
Effect of sex and management system on carcass components 
(as percentage of joint weight) 
 
Parameters Females  
Neck A B C S.E L.S 
Muscle 49.5 56.4 54.2 6.56 * 
Bone 26.3 25.6 30.6 13.03 * 
Fat 49.40a 37.70c 42.10b 8.72 * 
Trim 4.8 9.8 7.8 44.56 * 
Flank      
Muscle 44.7 38 49.1 12.57 * 
Fat 20 27 23.7 24.67 * 
Trim 12.1 22.9 26.1 29.87 N.S 
Breast      
Muscle 43.1 42.8 45 7.98 * 
Bone 18.9 24.4 26.2 10.25 * 
Fat 15.8 21.5 18.2 12.71 * 
Trim 4.9 4 7.4 31.32 * 
Fore shanks      
Muscle 54.1 71.6 49.8 13.59 * 
Bone 23.3 40.2 26.4 4.75 * 
Fat 7.4 10.6 4.1 18.44 * 
Trim 6.9 11.7 6.4 21.96 * 
Leg      
Muscle 60.4 69.6 44.2 14.91 * 
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Bone 19.1 19.2 10.3 4.23 * 
Fat 11 11.5 10.43 8.98 * 
Trim 4.5 6.4 3.5 2.46 * 
Loin      
Muscle 63.1 59.7 60 9.27 N.S 
Bone 17.4 13.1 20.9 16.91 N.S 
Fat 19.6 14.1 11.1 9.44 N.S 
Trim 6 6.7 8.2 17.46 N.S 
Sirloin      
Muscle 47.3 55.9 53.2 7.47 N.S 
Bone 26.3 22.4 24.3 8.35 N.S 
Fat 15.3 13 8.7 10.60 * 
Trim 7.2 13 10.2 26.93 N.S 
Rack      
Muscle 46.5 62.6 49.5 20.62 * 
Bone 26.4 26.6 31.7 9.80 * 
Fat 16.5 13.4 11.9 13.67 * 
Trim 6.3 5.8 5.9 3.60 N.S 
Shoulder      
Muscle 53.2 47.9 62.2 16.50 * 
Bone 47.1 20.1 22.6 2.19 * 
Fat 15.9 8.7 6.8 13.76 * 
Trim 8.2 4.7 3 26.93 * 
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Appendix (4) 
 Effect of sex and management system on carcass components 
(as percentage of joint weight) 
 
Parameters Males  
Neck A B C S.E L.S 
Muscle 56.1 53 60.2 6.20 * 
Bone 25.3 25.3 24 14.46 * 
Fat 7.9 13.7 10.8 34.97 * 
Trim 45.4 7a 29.97c 34.27b 39.32 * 
Flank      
Muscle 38.5 38.8 52.2 17.21 * 
Fat 25.2 20.5 14.8 23.06 * 
Trim 19.7 24.8 18.8 23.06 N.S 
Breast      
Muscle 43.4 48.6 47.5 8.40 * 
Bone 24.7 19.6 27.1 8.31 * 
Fat 21 17.8 19.2 10.20  
Trim 6.6 6.9 9.4 24.96 * 
Fore shanks      
Muscle 52.4 54.7 74 15.26 * 
Bone 27.2 28.2 38.1 4.43 * 
Fat 6.7 8.4 9 22.17 * 
Trim 5.4 6.3 7.4 30.71 * 
Leg      
Muscle 63.4 42.2 68.8 0.14 * 
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Bone 19.6 19 20.1 4.18 * 
Fat 10.9 12.5 12.5 9.23 * 
Trim 3 3.4 3.9 36.98 * 
Loin      
Muscle 61.4 51.8 57.4 8.99 N.S 
Bone 16.2 19.2 21.3 17.08 N.S 
Fat 14.8 13.6 12.3 11.85 N.S 
Trim 6.5 6.7 8 15.23 N.S 
Sirloin      
Muscle 55 53.2 58.1 6.35 N.S 
Bone 24.5 24.1 24.3 8.88 N.S 
Fat 22.4 13.1 13 7.16 N.S 
Trim 7.9 5.2 3.9 24.22 N.S 
Rack      
Muscle 54.4 50.4 53.1 17.89 * 
Bone 23.2 22.3 25.4 11.34 * 
Fat 13.1 14.3 13.3 17.42 * 
Trim 7.5 8 6.9 30.31 N.S 
Shoulder      
Muscle 63.8 63.8 65.3 17.32 * 
Bone 26.8 21.3 24 4.84 * 
Fat 11.7 9.7 10 23.50 * 
Trim 6.9 5.1 2.8 40.03 * 
 
